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ABSTRACT - [
IN VIVO SISTER CHROMATID EXCHQNGES A TEST SYSTEM MQONITORING

ENVIRONMENTAL GENOTOXICITY

" An in vivo 51ster chromatid exchange (SCE) assay system

for monltorlng env1ronmental genotoxicity, using bone marrow
cells has been developed tested and applled te groups of
"1aboratory andLoutdoor maintained ;npred mlce, as well as
laborétory maintained and freshly caught wild mice from
various geographic'locatibns.in southwestefn Qntario. The
best results were obtained with nine, serial, intraperitoneal
-1n3ectlons of 5- bromo-2' deoxyurldlne (BUdR) (40 ug/g of body
welght) and 5- fluorodeoxyur1d1ne (FUdR) (2 ug/g of b.w.) and
then with 5-ug/g of b.w. of colch1c1ne given on the 27thp
hour ' follow1ng the first 1n3ect10nsjof BUdR/FUdR The mice
were sacrificed 3 hours later. _ |
Chromosomal aberrations sdch as chromatid breakagee;d
gaps, fragments, radial figures, metacentrlc chromosome, ’ .ﬁ,//
chromosome with tw1sted chromatld centromeric chromatin
filaments' and Y.chromosome breakage, perticulerly in . .
pronetzphases, occurred more frequently with the
eaplier.pime scheduie (13- I?'hr)'thaﬁ fg the 27-30 hr time
eghedﬁle. Increas1ng the dose of BU4R produ d no sub;
stantial 1ncrease in aberratlons however, EUdR at higher
dose levels increased chromatid aberrations. X and Y

‘chromosomes showed asynchronous chromatld differentiation

-

A




- centres. : i

.compared to the rest of” the metaphase chromosomes

U51ng the 27- 30 hr 1n3ect10n schedule,. the control
‘male mice of C3H/HeJ and C57BL/6.J malntalned 1n the labora—
tory gave a mean * SEM baseline SCE value of 3 42 *0.07
and 3.62 +0.08 respectively. The‘female mice of the seme _
strains gave 5 (*J *0.03 and 5. 71 1‘0.08. SCE/ce]:1 respect“i‘vely..
Males obtained from natural populations in southWESfern ‘
Ontario had a higher mean SCE value (6.02 * 0.16) as did the
inb;ed males maintained in»ohtdoor enclosu;es (5.08 £ 0.22).

The response of male mice appeared higher compared with

female mice under similar. conditions. Wild mice maintained-

" in the laboratory for a period of* six months or over, gave

SCE values similar'to those of the control mice (é 46 *
0.12): The SCE values 1n Wlld caught mice and in enclosure
maintaiged inbredsa¥ere. lnversely proportlonal (r==0. 46) to the
‘dlstance‘betWeen'the sites where! the animals were either,
‘collected or mainfained and the nearest major inohsph;al
Based on the differences'in SCE values between labora-
tory malntalned mice and w1ld mice as well as laboratory
malntalned and 1nbred mlce housed at variobs outdoor 51tes
together w1th the geographlc patterns in the SCE levels
it is suggested thet the in 3539 SCE anezy51s in bone, marrow
cells using the bfomodeoxyuridine subsfitution'method, has
' CY.

the potential of being an early warning surveillance system

-for the general levels of environmental genotoxic agents.

-
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CHAPTER 1
GENERAL INTRODUCTION
Environmental'pollutants pose a serious problem to man,
his genome and his ecosystem. These pollutanté are increasing
dramatically from vérious sources, such as industrial and

domestic effluents, combustion products of fossil fuels,

agricultural chemicals and other man-made compounds found

in food, water, air, soil and vegefation. A variety of

chemical pesticides, food toxins and other agriculturally
used chemicals have been found in Significant gquantity in
human blood, adipose fissues, milk, and other body fluids

(Haugh, 1982a). .
‘Damage to DNA by e?vironmental pollutants has been'aﬁd
will continue to be a major cause of.;ancer {Doll et al.,
1970; Weisberger; 197é; Doll, 1977; Hiaft et al., 1977;
Blot et al., 1977; Wynder and Gori, 1977; Chrisp and
Fisher, 1980; Lederberg, 1981; Pallitti et al., 1982)
and genetic.deieétg.(Beckman'and Nordsthm, 1976; Benditt,
197?; Ames,‘19%9). Mdreover, these substances may also
contribute to such ailments as heart disease'(éenditt,
1977), aging (ﬁurnet, 1974), and cataracts (Jose, 1979).
Considering the seriousness of pollution and the
introduction of new, hazardous chemicals such as poly—‘
chlorinated biphenyls (PCBs), vinyl chloride, into’ the

human environment and the ecosystem, there is considerable



need for developing monitoring systems capable of measuring

the level of the bNA damagiﬁg agents in the environment

thereby-avoiding.the necessity of identifying épecific

chemicals,

-

Dufing the past few gearé, a number of tests have been

‘developed to detect mutagenicity and carcinogenicity.

These include:

1)

2)

The Micronucleus Test (MNT): This testing'procedure

examines the acentric.fragments'of ch;omosomeé gene-
rally in polychromatic erythrocytes' 'but. élso in
other interphase cells. This test serves as a rapid
screening method for chromosome breaking (clasto-
genic) agents and agents which interfere with normal
mitotic cell division (Heddle, 1973; Jenssen et al.,
1974; Schmid, 1975; Maier gnd Schmid, 1975). -

The Conventicnal Karyotypic Analyses:  These analyses.

are done using eiéher lygphgcytes from hug?ns ex-—
poéed to varicus clastogenic agents or somatic‘

and germinal cells éf whole animals and assessing
va;ious types of numerical and structural chromo-

somal aberrations (Evans and Scott, 1969; Evans

- and O'Riordan, 1975 ; Raposd 1978),

The above two tests have limited application becausef

-

high doées of the test compound are required afid cell deaths

are frequéntly encountered.

r
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4)

The Dominant Lethal Test: It gives a measure of the

genetic effeots through inbreased mortality of. the

_embryos .as a consequence of lethal mutations 1nduced

in germ cells (Bateman and Epstein, 1971). This

.test may give false negative results because some .

‘mutagenic compounds do not reach the germlnal cells

(Anderson 1979) Also, certain agents llke vinyl
chlorlde which is a known carcinogen (Maltonl and
Lafemine, 1974), mutagen (Bartech and Montesano,
1975) and clastogen (Purchase gi.gi.,'1976) produce
a negative result in dominant-lethal assays in mice

(Anderson 1979) because they require metabolic

3
c o <

actlvatlon (Green and Hathaway, 1975)

The Heritable Translocation Test: This' is a genetic-

cytogenetic test in which progeny of treated mice
are examined for sterility and reducéd fertility.
Males showing such reproductive problems are ex-

amined for translocations in germ cells. The

- difficulties with this test include: i) the'%ateh

of production of heritanle'translooations is Qe—
pendent on germ cell staées {Russell and Matter,
1980) and, ii) only alkylating agents‘are clearly
shown to induce heritable translocations (Genefoeo
et al., 1978). B S

. * ¥ .
Specific locus Testing: This measures the rate of

point mutations involving recessive alleles at seven

1

loci in house mice (Russell, 1951). Alfhough this
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test is ol parciculayr value-in assessing

radlatlon daaa;db T nai (Russell and Matter, 1980)

e

1ts value in assesslne chemical mutagens has not been

- fully explored’ (alling and Valcovi, 1977,

€9

The Host Mediated Assay: This assay system was

- A . ¢ .
developed by Gabridge and Legator (1969) and employs
a microbial indicator which is injected into the

peritoneal cavity of a mammall This test is not a

. true mammallan cell system unless mammallan cells

7)

are used as ;ndzcators. With th;s testing prdéedure,
the host is responsible forfabsorption, distribution,
metabolism, detoxification and excrétioﬁ.of‘the
compounds. ' Any genetic variability in the‘hosts used
will affect the final‘test results. The serious limi-
tations of this test are: cell survival in -the host,

effects of selection Pressures.on heterogenous cell'

populations, and the spontaneous mutation rates.

‘The‘AmesESalmonella/Microsomal Test: It is essenti-

%
ally an in vitro sScreening method for detecting

bacterial mutagens. This' test was developed by

Ames and his co-workers (1975) using specially con-

structed Salmonella typhimurium auxotrophic for histi-

dine. This test is used with or without a micro-
somal activation system. Other organisms such as

Escherichiz coli (Bridges, 1972) and yeast (Parry, 1972:

Zimmerman, 1971, ¥275) have also been used. Limitations

of this test include an inability to detect benzene,

»
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8)

9)

10)

‘produced in vivo (Bigger et al., 1978).

stilbéstrol and most metallic mutagens (Eollstein .

and McCann, 1979) and the fact that the activating

. enzymes (Ames et 'al., 1973) may not produce meta-

bolites in vitro identical to the metabolic array
N I

The Somatic Cell in Tissue Culture: This provides a,

~ .

system to stddy_the mufagenic effects of many cﬁemi—
cal agents and the.molecular and biochemical path-
ways_invoived in mutations. This is an: in vitro
procedure and requires metabolic activation

(Anderson, 1979),

The Mammalign Cell Transformation: . This test ig

based on.the|ability of mammalian cells transformed

to*form colonies in soft agar (Purchase'gz al., '3
;976). The relationship betweern transformation and

mutatién is stil} not well understood. The cul-

turing conditions’ if not controlled properly, will

' \
affect the final results.

In Vivo Somatic Mutation Test (Mduse Spot Test):

This test was or;ginally described by Russell and
Major (1957). The test consists of treating mouse .
embrycs that are heterozygous at a number of épeci-
fic ébat colour loci with the test chemicals in |
utero. A few weeks later the young are examined for
mosaic patches of brown, taﬁ or gray fur against‘the.
background of nérmal black fur. The test is dévised

to provide a relafively qQuick prescreening for the




more extensive tests of heritable genetic damége.

The major disadvantages of the test incluée: i) sﬁots
can also be causéd by‘melanocyfé‘insufficiency
(Russell and Matter,'1980)'éndégii) certain compourds
or metabolites do not cross the placental barrier

and thus may not, reach the taéget ceils in tﬁe embryos
(Russell and Matter, 1930)

1) Slster Chromatid Exchange (SCE) Analysis: Sister’

Chromatld Exchange (SCE) is a cytogenetlc procedure
for the detection of cellular DNA damage. SCE in-
volves symmetrical interchange between homologous
(gister) chromatids in a replicating chromosome
without .apparent alteratiom in chromosome morpho-
1logy (Perry and Evans, 19759. This-assay §ystem has
béen proven a sensitive, papid} aﬁdghmntitative
measure of DNA damage (Perry and Evans, 1975). . K
Most of the above tests are not good candidates for ;ne
general monitoring of environmental genotoxic agents. Among
those that appear suitable are:.the micronucleus test, the '
- mammalian spot test; the dominant 1lethal test and the sister
‘chromatid exchange anﬁlysis. Since none.of the tests have
been fully explored for monitoring the env1ronment the present
study 1s concerned with doing this for the SCE test.
- The SCE.test was selected because lnductzon of SCE
can be accompllshed with a relatively low dose of the testd _
compound (Marquardt and Bayer, 1977) as compared to otherf”

tests such as the dominant lethal'(Ehling, 1975) micro-




nucleus (Matter and Grauwiler, 1974), heritable trans—
.location (ﬁang and Adler, 1977) and the mouse,spot test‘
fahriv 1975)." The in vivo SCE testing procedure utilizes
the whole aulmal and so does not require an actlvatlng
_component The in v1voisystem also prov1des a means of
studying synerglstlc or 1nh1b1t1ng effects of many physical
and chemical agents. For instance, Wa%anabe et al., (1982)
_have shown an interaction betwéen cadmium (Cd) and poly-
chlorinated biphenyls {PCBs) in causipg mutations in micé;
Tice et al., (1980) have shown that phenobarbital alone had
~bo effect on the induction of SCE in DBA micé but showed a ~
synergistic effect with benzene. Slmllarly, Rao et al
(1979) have reported that benzo[a]pyrene may act as a co-
mutagen for benzo[é]pyrene and 2—acety1am1nof1uorene (2—

L9

AAF). . ;
Therefore, thé burpqse of ;he present study was to '

examine in detail the’'suitability of the ig_gizg sister

~chromatid exchange assay, utiliziné the bone marrow cells of

house mouse Mus musculus domestlcus for general monltorlng

of environmental genotoxic agents.

House mice ﬁg;e selected because: a) they héve 20
Ipairs df easily idéntifiable acrocentrie chrombsomeé, b)
there are a number of well established inbréd strains of
mice available %é} use as controls, ¢) the animals are
easily bred andg handled)and are readily maintained in
laboratory and non-laboratory conditions, and finally‘d) wild

mice are easily collected.
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Theboannarrow cells were chosen as the test cells
- for SCE anai&sis becéusé these are.a highly proliferative
group of cells and can easily be Eollected-and assayed.

The other objecfives of the study wére to: a) evaluate
the effecfs-of various experimenta1|c9nditiops on‘sister‘
‘chromatid differentiation and sister chromatid exchanges
b) assess the type of chromosomal aberrations that were
expected due.to BUdRh FUdR, colchicine and MMC, and c) establish
the baseline SCE values in selected control inbred strains

of mice and in mice under different environmental conditions.

’ /

e
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CHAPTER II

DEVEtOPMENT OF SCE ANALYSIS SUITABLE FOR WILD MICE
1. INTRODUCTION

A, Historical Development of the.Technigue

Taylor et al' (1957) first demonstrated.the occurrence
of 31ster chromatld exchange (SCE) through autoradlography
of 3H-labelled thymidine in plant chromosomes Zakarov
-and Egolina (1972) showed that when the chromosomes of
Chinese hamster ovary cells were.treated with bromodeoxy—
uridine.(BUdR) for_;wo-rounds of replioation and
subsequently stained with éiomsa, the sister chromatids '
stained differenﬁially."-The unifilarly subs;ituted chroﬁa—
tids, that is BUAdR substitution in one of the two poiy—
nucleotide DNA double helices, stained dark and the bi-
filar1§ substituted (BUdR incorporatéd_in poth strands)
stained light. This procedure enabled the visualization
of SCES wunder a light microscope without the use of radio-
isotopes and,autoradiography. Latt (;975)-showed a similar
staining pattern In.metaphase chromosomes from‘human lym-
phocytes when treated w1th a fluorochrome (Hoechst 33258)
and gxamined through a UV mlcroscope

A further technical development was made by Perry and
Wolff (lQTﬂ) and Kato (1974a) These workers showed that
BUdR treated chromosomes when stained with acridine orange
and Giemsa produced 'Harlequin' chromosomes. Korenberg

and Freediender (1974) intro&uced a heat pretreatment with
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Giemsa staining for the 1nduct10n of dlfferential staining
w1thout any addltlonal treatment with fluorochromes such
as Hoechst '33258. This method had the advantage of pro-
\ducing'permanent c&tologlcal preparations’ that could be
vfeﬁed‘with‘a light microscope. , .
" The first demonstratien that a mutagenic chemical could
be detected by the BUdR-SCE technique was by Latt (1974a)
who found a high freeuency of SCEs in cultured human lympho-
Cytes treated with mitpmycinéc (MMC). Since then; numerous
in vitro SCE:studies have been reported (Perry and-Evans,
1975; Evans et al., 1977; Solomon ane.Bobrow, 1975; Natarajan
et al./ 1976; Abe and Sasaki, 1977a{ 1977b; Takehisa and
Wolff, 1977; Wolff and Takehisa, 1977: German et al., 1977;

Crossen et al., 1978; Beek .and .Cbe, 1975). BUdR labelllng,

Jin vivo was first demonstrated by Bloom and Hsu (1975) who

observed SCEs in chick cells labelled in ovo. The first
mammallan in vivo methods were described 1ndependently by
Vogel and Bauknecht (1976) in mouse bone marrow and by
Allen and Latt (1976a) in mouse spermatogonlal cells.
Whetber BUdR is anected as a s1ngle large dose or

multiple small doses over a period of DNA synthe51s (S—phase),

- BUdR causes tissue tox1c1ty affecting the number of- cells

and the mltotlc 1ndex Deoxycytidine, a deoxyrlbonucleOSIde

has been used to counteract BUdR toxicity (Allen and

‘Latt, 1976b).

'-Agpther compound, 5-fluorodeoxyuridine (FUdR), a

halogena%ed pyrimidine' which blocks DNA synthesis
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by 1nh1b1t1ng thymldylate synthetase (Hartman and Heldelberger

1961; Heldelberger 1965, Santi et al., 1974) has been in-

- jected’ intraperitoneally along with injections of BUdR in

s

in vivo studies (Vogel and Bauknecht, 1976; Bauknecht et al.
1977) in order to 1ncrease the BUdR -incorporation intc DNA.
However, FUdR itself is not 1ncorporated_1nto DNA_(Choudhuri
et 2l., 1958). o o N
With the BUdR subsfitution in vive, one of the major

difficulties has been the rapid depletion of the injected

BUdR due to dehalogenation in the liver (Barrett and West,

1956). After one hour}'only 20 of the intraperitoneally
1nJected BUdR concentratlon is left in the serum (Schwelger
1972). Attempts to overcome thls preblem have included:

multiple 1ntraper1toneal 1n3ect10ns of BUQR (Allen and Latt,

1976a; b ;. Vogel and Bauknecht 1976), contlnuous subcutaneous

injections (Perra and Mattlas, 19786), 1ntravenous 1n3ect10ns

N
(Schnelder et al., 1977), subcutaneous implantation of BUdR -

tablets (Allen et al., 1977) and the injection of.BUAR ad-
sorbed to activated charcoal (Russev and Tsanav, 1973;
Ramirez,'lQBO). “All modes of administration have been  found
satisfactory with the exception of the latter because it

has been reported that the mutagens themselves may be adsorbed

to the actlvated charcoal (Ramirez, 1980)

. B. 8CE as a Phenomenon

The molecular mechanism and the mutational basis of
SCE have not been fully;uﬁderstood.?'SCE formation appears

to be tightly coupled with DNA. synthesis (Kato,'1974b).

3
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HWpotheses to ewplaln the- formatlon of SCEs have 1nc1uded
errors in DNA repllcatlon (Kato 19740 Latt, 1981) and break-
down 1n;post repllcatlon repslr processes (Kato, 1973; Bender
et al., 1974;.Wolff et al., 1974; Katc, 1977). Recently,
Painter (1980) in-his replicon model for the formation of
SCEs has ‘suggested thet the DNA regions near the junction
of replicon clusters-are uniqueiy'susceptible to.doubfe
stranded breaks dusing replication. Ifhe rejoining of
the broken strands lS delayed, one would expect an lncreased
chance of SCE formatlon at this junction (NataraJan et al.
1981), Carrano et al., (1978) have shoWn that increasing
doses of certain alkylating agents produced a parallel
"1ncrease in SCEs and mutatlons._ Each mutagen showed a '
characteristic ratio of SCE to point mutation. Snenson
et al., (1980) have reported that certain SCE inducing
“alkylating agents canse 05—alkylation of guanine thereby
creating ¢éritical lesidns ieeding to mutation (Pegg, 1977;
Sinéer, 1979). More wotk is necessary to nnderstand the '
detailed aspects of molecular'and cellular processes in- -'
volved in the formation of SCE and its relatlonshlp to

p01nt mutations and chromosomal aberrations.

C. SCE in the Measurement of Envxronmental Genotqgiciﬁy

4 large number of mutagens/carc1nogens have been- found

-

. to 1nduce SCE. Table 1 shows a list of mutagenic agents

and their in vivo SCE inducibilities in mammalian ‘éells.

. - Lo . T
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Table 1: Effect of Certain Eavirocmental Agents oz In Vivo

» SCZ laduction in Yammalian Cells

+* .
igents - =ffect Reiarences
A. DNA syuthesis (S-phise)
independent . -
I. Ionizing radiation
T=rays } % (weak) Gatti and Dlivieri (1973);
Perry and Evansg (1397%5);
Evans {(1877).
! -rays * (weak). Solomon and Bobrow (1975).
TI. Aatibiocics
“hleomycin . * (weak) Evans (1977): Gieboart
and fappaur (1978}.
B. DNA Syuthesis {S-phase) T
Dependent N
I. Yon-iconizing radiatica ) ’
u.v light, - Perry and Evans (1975)
: Kato (1973%: Wolff et al.,
. (1974) .
[T. Laballad radio- . .
isocoges:Sﬁ-cEymidine + Gibson and ?rescott {1978)
IZI. alkylating agents . '
cyclopnosphamide (CP) + Stetka and Wolff (1876):
~ : ‘ Schmid (1976); Allen and
Latc (1876a); Roszingky
' Koeher and Rohrbora (1979).
methyl methanesul- . ot
fonatg (UMS) + Stetka and Wolff (1976);
Marquardt aad Sayer (1877)
athyl metbanesulion- :
ate (EMS) \ + Stetka and Wolff (1976)
aitrogen mustard + Schmid (19763
quinacrine mustard’ + Schmid (13769
* thiotepa . ¢ + Stetka. et. al., (L977);
. )
trizziquone + Vogel and Baukpecht (1976}
triethylene melamiae * Yamamoto and Kikuchi (1981)
IV. Polycyeclic Arcmatic
dydrocarnons
benzo{alpyrene + Rozinsky-Xocher at. al.(1979)
'benzanrh~acene + " {;5
benzofbjflucranthrena + "
penzo(e)pyrene + "



. Table 1 (comzd)

\

+

Agencs 3

defasences

vi.

VII.

i

VIII.

IX.

ohenanthrene +
shrysene , -
dibenzanthracene +
styrene ' -+
3,4 Yenzo(a)pyrene +
7,12 dimethylbenzan-

thracens -
oenzene . -
. urethane +

. Cytostatic Antibodies

mitomycin-C A +
adrismycin +
dauncmyclin *

N-aitroso Compounds .

methyl nitrosoguani-

diae *weak)
dimethyl asitrosamine -
diethyl nitrosamine -
_Antimetabolizes (DN4 and
Protein Svuthesis
Inhibitors
mercaptopurine .+
cethctrexate -
fluorouracil *
Fungai Toxins
aflatoxins +
Yiscellaneous
viruses .ok
5-athoxy caffeine +

+

2-acetylamino fluorene
2-aminoflucrens di-
methyl-l-phenyltriazene +

Roz*nsky ;ocher et. 11 (1979)

i

DeRaat (1978)
Bayer and 3auknecht (1977)

Tice et.al. (1980}
Csusns~ec. al. (1979)

¥ram et. al. f19:9)

Kram et. EI. (1981)
Yamamoto and Xikucni (1981)
Kato and Shimada (1875).

Lin and aAlZ2i (1975).

Allen and Latt (19763
Isaii and Bender (1978),
Perry and Evans (1875)
Scamid (19762)

Wolf£f et. al. (1977
Latt (1979) '
Latt (1979}

Schmid (1976b)

"

Takehisa and Wolff (1977)

Yichols et. al. (1978):
Brown and Crossea (1976)
fato and Sandberg (1979),
Kurvink et. al. (1978),
Perry and Evans (1873)
Latt (1979}

Latt (1979)
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The objectives of this section were:
i) to develop an in vivo SCE detection system using bone

marrow cells of both inbred and wild Mus musculus )

domesticus capable of measuring environmental genotoxicity
and'té evaluate factors which may affect SCE levels;
ii) to establish thé-bdse levels of SCEs in selected labora-
»tory maintained inbred strains.of mice; and
-iii) to test the sensitivity of the system_&ith mitomycin-~C,

a known mutagen and SCE inducer..

v -t

f
‘N

. : X
V/' ' 2. MATERIALS AND METHODS

A. Materials
Animals: C3H/Hed, C57BL/6J, DBA/2J (Jackson Laboratory, Bar
Hafbor, Maine, U.S.4.) and Fy .mice from matings of C3H méles
and_C57Bﬂ/females were used in the present study as control
animals.

The animals were méintained in the labo}atory in- 80 x
25 x 20 em stainless steei cages with heat treated wood
chips as bedding in rooms nérmaily at 25°C. They were fed.
rodent laboratory éhow (Pufina Co.) and tap water ad lib.

The animals ﬁere given 14 hours of light and 10 hours of

darkness,

.

Cells: The hemopoietic tissues of femur and tibia were

analyzed.
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'j-Chemlcals ) —bromo 2’—deoxyur1d1ne (BUdR), 5- fluorodeoxy-

urldine (FUdR), deoxycytidine, mitomycin-C (MMC) (Slgma

 Co. St. Louis, U.S.A.), colchicine (ICN Nutritional Bio-

‘chemicals, Cleveland Ohlo U.S. A.)) 0.075M KC1 and RPMI
-1640 medium (GIBCO Burllngton Ontario), absolute methanol
and. glacial acetic acid‘(Fisher Co., Toronto, Ontarioc) and
Several chromosome stains such as Giemsa stains from Fisher
Co., GIBCO, Merck (W. Germany). and basic fuchsin (British

Dfug Houses Ltd.) were used.

- Solutions ‘ N

i) Hanks Balanced Salt Solutlon (HBSS) HBS8S was used as

the solvent for BUdR FUdR and'deoxycytldlne The seclution

was made as per the formula given in Appendix I. The solutioen

was sterilized at 106°C and 117 Kilopascals for 15 min.
The pH after sterilization was 7.0.

ii) BUdR, FU4R, and Deoxycytidine Solutions: Appropriate

quantities of BUGQR; FU&R and deoxveytidine were separately

' dissoived in sterile HBSS. ‘Each of the abo?e.solutions was.

filter sterilized using 0.22 um pore size filter, Millipore
Co.)

Colchicine Solution: The required quanfitf of colchicine

was similarly weighed and dissolved in sterlle 0.95% NaCl.
The solutlon was then fllter sterlllzed

0 O75M KC1 was obtained from GIBCO, Canada and was used
without‘dilution as a flushing medium and hypotonic solution

for marrow cells.
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Fixative Solution: The bone marrow cells were fixed in a

solution of 3 parts of absolute methanol and 1 part glacial
acetic acid.

Mitomycin-C Solution: MMC was dissolved in either sterile

0;95%'Salipe or sterile Dulbecco's phosphate buffer saline.
The formula for Dulbecco's phoéphaté buffer is givén in,
Appendix I. The solution was autoclave-sterilized before
use. All solutions were made 24 hr before use. The tubes
were wrapped in aluminum foil te protect them from light.
BUdR, FUdR, deoxycytidine and MMC solﬁtions were stored at
~10°¢ while the colchicine solution was stored at 4°cC.

iii) Staining Solutions: Four types of Giemsa stains, Gurr

(London, England), Merck (West Germany), GIBCO (Canada) and

Fisher (Canada) and alsc other stains such as aceto-orcein

‘and basic fuchsin (Feulgen Staining) were tried. .

iv)‘-Photographic Solutions: The photographic solutions were

prepared and used according to the instructions of the

manufacturer with slight modifications.

'B. General Description of the Procedure

BUdR, FUdR and deoxycytidine solutions were injected

intraperitoneally and séparateiy under reduced light using

a one-ml disposable plastic syringe and a 26G needle. BUdR,

FUdR and in some cases, deoxycytidine, were gi&en as sgerial
injections either at 30, 45,'or 60 min intervals. The last

dose of FUdR was injected at twice the normal dose. ‘Colechicine

was given as a single injection, a few hours before the

-~



7\

; 18
animals were sacrificed.

Specific Modifcations | ’ " :

Chemicgls
i) Colchicine: Thrée different doses of celchicine
(5 ug/g, 10 ug/g and 20- ug/g of b.w.) were tried
Ay using male C3H mice. Doses were given intraperi-
toneally one half hr before sacrificing. The
animals received no other treztments. Tﬁis was
done in order to détermine which dose level produced
'enough metaphases;without any chromosomal cOntract—l.
ion. :In alllother exﬁeriments, S ug/g of b.w. of
colchicine was injeqted at different times for
2,3 and 4 hr periods féllowing the ‘'serial injections
of BUdR; FUdR and deoxycytidine.
ii) BUdR: - BUdR at concentrations of 30, 40, 50 and
. 60 ug/g of b.w. with 2 ug/g of b.w. of FUdR and
1 ug/g of b.w. of deoxycytidine were evaluated.
iii) FUdR: FUAR at concentrations of 0,2,4,8,10,20, 30
and 40 ug/g of b.w. with 40 ug/g of b.w. of BUdR .

with and without deoxycytidine have been tested.

iv) Deoxycytidine: 1 ug/g of b.w. of deoxycytidine was

tried along with.various doses of BUdR and 2 ug/g
of b.w. of FUdR.

v} Flushing Medium: Threé& types of flusing medium

for bone marrow cells were tried. These included
bbosphate-buffer saline, RPMI 1640 medium and 0.075M
KC1.

k - e
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vi) Fixative: Two fixatives ﬁere tried; one composed
of 3 parts absolute methanol and 1 part glacial
acetic acid, and the other consisted of 3 parts
sbsolute_ethanol and one part glacial acetic acid.

Injection'Scheduies

These schedules refer to the number of serlal 1n3ect10ns
(either 30, 45 or 60 min intervals) and the times when the
animals recelved the colchicine and were sacrificed. The
number of hourly injections which were evalusted with varidus
combinations of BUdR, FUdR and deoxycytidine were 8,9,10,
and 11, Also twelve injections at 45 min intervals and 18
injections at 30 min intervals were tried. TFor the 13-17 hr
time schedule, the animals recelved colchicine on the 13t£
-br following the flrst 1n3ect10ns of BUdR/FUdR and were
sacrificed on the 17th hour. Other schedules that were
tested included 13-15, 13-17, 17-21, 21—24,-24;27, 27-30 hr‘
where the first figure in the time schedule refers to the

number of hours following the first injeetion of BUdR/FUdR'

when colchicine was, 1nJected and the second figure ls the

\‘\‘

time when the animals were sacrificed.

C. Method of Collection and Preparation of Bone Marrow CJ&QS

12
The animals were sacrificed by cervical dislocation.
The skin was removed frqm the hind limb using curved. foreeps.
The muscle wasstrippedawsy leaving the femur and tibia N
exposed. The proximal and distal_ ends of the femur were

cut in order to open the marrow cavity, The tibia was also
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CUT at its proximal end and about one third from its distal
wad. Using 0.5-G.8 ml of warm (37°C) 0.075M KCI 'and =
l1-ml disposable-syringe with a 26G needle, the bhone marrow

cells were flushed 2 qF 3 times into a graduated centrifuge

- tube containing about 3 ml of 0,075M KCl prewarmed to 379C.

The:tube was incubated for 18-20 min at 370C,

The cells were then susﬁended with a nine -inch pasteur
pPipette and centrlfuged for 8 min at 200 x g usmng 2 bench
centrifuge. 7 The supernatant was removed. Then, about&-
1-1.5 ml of freshly prepared cold fixative (3 parts methanol

and 1 part g1a01a1 acetic acid) were added to the cell

pellet. The flxatlve was qulckly (15 30 seconds) removed

u31ng a pasteur bipette and 2 ml of fresh, c¢pld fixative
were added. The tubes were then sealed with parafilm and
refrigerated for 20 min at 5-8°¢C, The'tqbes were then
centrifuged.for 5 min at 200 x g. The supernatgnt-was then
taken offlusing a pasteur pipette and 2-3 ml of fresh
fixative were added slowly along the wall of the tube while
the cells were’ gently resuspended. The above Stébs were
repeated for additional 15, 10 and 10 min periods of

refrigeration. After final centrifugation the tubes were

‘sealed with parafilm and refrigerated for 10-12 hr at 5-89C,

The tubes_were centrifuged at 200 x.g for 5 min. ‘The Super-
natant was taken off with a pésteur pipette leaving a thin
layer of fixative over the cell pellet.” About 0.5 to 0.75

ml of fresh fixative were added and the cells were then
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resuspended. Using a nine inch pasteur pipetiiec,

(5]
4]

small drops of cell suspension were droppad -2 2

()

1
A

0O

aned,
chilled slide from a 2-4 inch height. After ctae drops began
- to'spread and the edge_of‘the'drops began contracting, thé
cell surface was bloﬁn.%d hasten drying. This was repea£ed
several times. Then the slides were warmed by quickly
passing them"through the flame of an alcohol lamp. Care
was taken'not to overheat the slide.

Between 3-5 slides were made from each culture tube.
The siigfé were stored at room temperature for at least 24
hr before they were differentially stained. All slides
were stained within 48 hr after they Qere made. Slides
that were stored for a longer period of time ﬁ:oduged

_poorly differentiated metaphases.

D. Staining Procedure .

| The differential.épaining‘was performed as suggested

by Korenberg and?reedlehder §1974) with slight mbdifications.

The chromosome slides were warmed for 15-25 min at 60°C |
then heated in 1M phosphate buffer (1M NazHPO4 and 1M NaH2£94:
Hp0). (pH 8.1) fore'l5 min at 899C. Then they were rinsed - o4
briefly in the above buffer at room temperature %ndustained

in 5% Fisher Giemsa solution made in Gurr's buffer (pH 6.8)
using tablets (Gurr Co.) fpr 8 hin. After that, theygwére
washed in a solution made with'2 ml of the above phosphate .

buffer (pH 8.1) and 48 ml' of distilled water. Theg slides
were air dried and stored for 1—2‘ﬁeeks before exZ}ination.

- .
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Othe; Giemsa staining solutiods from Gurr Co., Merck Co.

and GIBCO were also tried.
0 :
E. "Microscopic Examination and Photomicroscopy

The slides weré examined with a 100 x'0il immeréion
objective lens. About 800-1000 cells were counted in
estimating'the mitotic index. One hundred metaphases
wefe used for determining the percentage of differéntiated
metaphases. Between 20 and 25 well spread differenfiated
metaphaseé with good morphology were examined for SCEs
~under oil immersion (100 x)} objective lens. -

-Selécted metaphases were photographéd using ?ifher
Kodak high contrast copy film or Kodak techinal pan-film.
These metaphases were pﬁotographed under a 100 x 0il |
imﬁersion gbjective using a combination of speciallblue—
green and blue filters (Hoya, Japan).

Kodak technical pan film 2415 (Ester AH Base) and
Kodak high contrast film Were'qgéd. The latter gave better

resolution and definition. ' The technical pan film was

developed in D-19 at 20°C for 4 min with continuocus agitation,

rinsed in Kodak stop bath for 15 seconds, then fixed in
Kodak rapid fixer at 20°C for 5 min with continuous agi- .
tation. Finally, the film was washed in'ruﬁning water
at 20°C for 20 min. Kodak high coptrasy copy film was
developed in D-19 at 20°C for 5% min and the rest of the

processing was the same as for the technical pan film.

Various combinations of printing paper and exposure
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conditions were tried. Medium and high contrast papers

were found to be suitable. The prints were develéped
: " . ~
in Dektol at 20°C for one min, then rinsed in tap water

and fixed.

3. RESULTS AND DISCUSSION

A. General Results

Ten'agd 20 ué/g of b.w. of ‘colchicine injected half
an hour and one hour before_sacrificing the mice produced
highly céntracted chromosomes. A dose‘of 5 ug(g of b.w. pf
colchicine given 3 and 4 hr before sacrificing the mice on
the other hand gave a sufficient number Qf metaphase chroﬁo—
somes of good morphology. For animalg weighing'less than
16 g, 4 ug/g of body weight of'colchicine-gave fhe best

result{ Since most of the animals employed in the present

study weighed between 16 and 25 g of b.w:, S ug/g of b.w. of

colchicine were normally used. The 13th hr'following the
first injection of‘BUdR/FUdR was chosen as the time when

colchicine was;added Since the in vivo cell cycle of bone

.marrow cells in Chinesé hamster cells was 9.5 hr (Fremuth

et al., 1976). According to these workers, the cell c¢ycle

phases in the Chinese hamster include: the pre—DNA'synthétic

period Gy 1.9 hr, the DNA synthetic period (S-phase) 6.0 hr,
post DNA synthetic periocd (Gg) 0.7 hr and mitosis (M) 0.9 hr.
In the absence of specific informat;qn on murine bone. marrow

cell cycle parameters, the duration of cell cycle phases in
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haﬁeters was useq in planning seﬁe of the.experiments.
Figure 1-shows a iight hicroscogis\view of bone‘marrow
preparatlons with dlfferent types of 1nterphase cells and

a metaphase plate Figure 2 shows a typlcéﬁ’spread of o
murine bone marrow metaphase using the described procedure.
Figures 3 and 4 show &ifferentiated metaehase plates in -
inbred‘and wild micerwith 5 and 8 'SCEs respectivel&. These
'metaphase plates also illustrate that the sizes of-ekehanges

may also vary.

B.” Effects of Injection Schedules on Mitotic Indlces and

Percentage of leferentlated Metaphases

Table 2 shows the mitotic indices, percentage of

differentiated metaphases and SCEs for two injection
- schedules, 13-15 hr and 13;17 hr in'cellS'colleéted from
‘the femur of C57BL and dsq males. A COmparison‘between

the two injection schedules; 13 15 hr and 13- 17 hr, revealed
i51gn1f1cant dlfferences (p. <,.0l) in mitotic lndlces and
percentage of differentiated metaphases. The 13f15 hr
injection schedule not-equ produced a lower percentage of
differettiéted metaphases, but also showed a greater number .
of 1ncomp1etely differentiated metaphases These results

Suggested that the 13-17 hr. schedule was preferred.

C. Effect of VariousConcentrationsof BUdR on Mitotic

Indices, Percentage of Differentiated Metaphase and’

- SCEs
BUdR at doses. of 30,40 50 and 60 ug/g cf b.w. with 2 ug/g

of b.w. of FUdR and 1 ug/g cf b.w. of deoxycytldlne was

-
*
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~ Pig. 1. A light microscopic view of bone ma.rr'ow prepa-—

“'

rations (xS,OOO‘;(Giémsa stain).

iy
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[ . ~
Fig., 2. A typical murine bone marrow metaphase spread

{(x5,000;, Giemsa stain). PR

[
-

A ' . L . ' L ) ‘ _/




Fig. 3. Differentiated.metaphases with terminal and

centromeric SCEs in inbred mouse (x4,000;'Giemsa

| X
stain).



Fig. 4.

-Giemsa stain)

Differentiated metaphaes with termirnal, intere

stitial and centromeric SCEs in wild mouse.

Exchanges are small but detectable. (x5:400;

+
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tried to determine the dose éffects on cell viability, per-

centage of differentiated metaphases and SCE levels. The

.animals recelved 9 hourly 1n3ect10ns -0f BUdR, FUdR and

_blhourly injections of deoxycytldlne with 5 ug/g of b.w.

of colchicine on 13th hr for four hr.- The results are
presented in Table 3. '

The results indicate that the higher doses of BU4dR

~had an adverse effect on the mitotic index. At 60 ug/eg

of b.w. of BUdR tissue toxicity was Seen resulting in
reduced mltotlc ‘indices and poorly dlfferentlated metaphases,
At 30 ug/g of b.w. the percentage‘of-differentiation was low
and chrematid'differentiafion Wwas not sharp. The use of

40 and 50 ug/g-of b.w. of BUdR produced a similar percentage
of differentiatedrmetaphases witb arhigher mitotie index

in anlmals treated’ w1th 40 ug/g of. b.w. of BUdR. Mlce whlch
re091ved 50 ug/g of b w. of BUdR also showed a hlgher number
of chromatid aberratlons .Based.on fhese results, 40 ug/g of
b.w. of BUdR was selected as a standard dose. -

D. Effect of Varlous Concentratlons of FUdR' on Percentages

of leferentiated MEtaphases and SCEs

Effects of various doses of FUdR on the mitotic 1ndex,

number of dlfferentlated metaphases and SCE along w1th 40

' ug/e o{'b.w. of BUdR and 1 ug/g of b.w. of deoxyeytidine

given on alternate hours were evaluated using 13-17 hr
schedule The results are presented in Table 4, Wlthout

FUdR, -the serial 1n3ect10ns of BUd%\falled to produce well

-«
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. . L,_/ - i .
. Table 3: Effects of Various Concentrations of BUdR on Mitotic

* Index, Percentage of Differentiated Metaphases and the
'SCEs in C3H Male Mice. :

[

} < . Percentage of -
No. of Conc. of Mitotic, Differéntiated
Animals BUAR (ug/g) Index Metaphases SCE
2 30 7.20 18 ' "1.45
2 a0 6,85 23 © 1.92
2 50 . 5.60 ) 25 2.20
p) 60 ' 4.20 28 *
*Cells appeared lightly stained
w




—
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Table 4: Effects of Varlous Concentratlons of FUdR on

Percentage of leferentlated Metaphases and SCEs
1 1n Male C3H Mice,

]
Percent of

No. of Dose of FUdR Differentiated

Animals (ug/g) Metaphases SCE
2 OI * wo
2 2 24.67 2.02
2 4 26.65 . 2.00
2 8 28,93 3.32°
2 10 29.24 3.44
5 34.41 3.81

16 -

*Very poor differerntation

“**SCE could not be counted
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differentiated metaphases. This was perhaps the resultlof
the rapid metabolic degradation of BUdR. As the concentration
of FUdR 1ncreased percentages of dlfferentlated metaphases
as well as the SCE levels were increased., Since FUdR was
necessary for'the BUdR dependent chromatid differentiation
if washdecidgé to determine a dose levél which would maximize’
the number ofldifferentiated metaphases and minimize back-
groun? SCE. To compafe the effectiveness of various. doses,
the 'SCE levels of each aose were. divided by the percentages
of differentiated metaphases. Based on these valués'z ug/g
of FUdR was considered as the-effective dose.
. Highér doées pf FUdR were also tried in ord;r to
detérmine their effects on bone marrow cells. Two C3H male
animals were given 40 ugkg of B.w. of BUdR and two animals -
received 20 ug.g of b.w. of FUdR with 40 ug/g of b.w. of BUdR
in 9 hourly %ﬁjectioﬁé. Both doses resulted in ver? few

1nterphase and metaphase cells.

- E. Mltotlc Indices and Percent of Differentiated Metaphases

in Femur and lela 1n C3H and C57BL Males

To compare the SUltablllty of_mar;ow cells from femur

' and tibia, mitotic indices, percentages of differéntiated

and'SCEs were analyzed using 13-17 hr injection schedule
with previously described doses of BUAR, FUJR, deoxycytidine
and colchicine. The restlts.are.p:esenfed in Table 5,

| ‘Although no significant differences were foundﬁin

)
mitotic -indices and percentages of differentiated metaphases

&) -
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in cells from femur_énd tibia, the p;eparations.from the
tibia had'cops;stently less cellular debri# and blood
contamination.

Mostiof the time, the temperatufe of the room where
tﬁe aﬁimals were injected with BUAdR and FUGR was between
-22—3000; In one instance involving six C57BL males the
room témperature rose to 34°C and remained there'until
after-the‘mice were sacrificed. Mitotic indices, percent
of di&ferentiated metaphases and SCEs were analyzed in
marrow cel;s from the femur and the tibia for twe injection
schedules: 13-15 hr and 13-17 hr (Table 6): The 13-17 hr
iﬁ&ection scheaﬁle at high room teﬁperature'(34°C) and high
humidity (R'Hi 70%) produced a significantly (p ¢ .01)
~ higher numbefrof'differentiated metaphases and SCEs thén at
normal (24-30°C) room temperature (Table 5). The mitotic ;
index however remained unaffected. Femur and tibia did
not show anySSignificapt diffefencesfin mitbtid indices and
~ the percentége ofldifferentiated metaphases. Althoﬁgh some fé
variability between indiQiduals in the A;mber of differentiated
metaphases wés observea, a speéific set of conditions pro-
dﬁced uﬁiform ébE values: tho (1980) has repo}ted fﬁat
~culturing Chinese hamster cglls'at temperatures abbve 39°¢
enhanced SCE formation. Simiiarly, tempéiatﬁre SCE ip—
'dugtipn'iﬁ Chiﬁese hamstef;v-79 cells has been reported '

by Speit- (1980).

-
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F. Mitotic Indices, Percentage of Differentiated Metaphases

and  SCEs in Laboratory Maintained Wild Mice

Four wild micé; maintained'in the laboratory over a
period of 'six mbnths were tested fér the applicability

| of the ;ystem'and also to determine the base lével of SCEs

in these animals. These mice were subjected to 9 hourly
injections of 40 mg/g of b.w. of BUAR, 2 ug/g of b.w. of
FUdR-énd 1 ug/eg of b.w. of deoxycytidine (on alternate hours)
withlsiug/g of b.wlnéf colchicine being injected on the 13tk
hr for 4 hr and}Wére'maintained at normal room temperature.

Table 7 shows the mitotic-indices, percentages of_

differentiated metaphases and SCEs in iaboratory maintained

wild male mice. fhe'avefage mitotic index and SCE values

in these mice ﬁere 4.46 and 2.18 respectiveiy,‘whilg

similar values in the control C57EL were 5.79 and 1.85. The
percentage of'differenfiated metaphases in ﬁild animals was
considerably.lower than in the controls (14.75 vs 22.Q0).
Because wild mice gave this low ﬁeppentage pf,diffeyentigted
metapha;es, further improvements in the progé&ure,wére soﬁght.

G. Effects of Number of, Injections

"

Wit% the dose levels the same, the dumber of'hourly

iﬁjections was increaséd:to 10 and il.' The effects of 12,

45 min interval injections and 18 half hourly injections

were also examined.
.No differénces ware obse:ved between 9 and 10 hourly

injections. Other injection schedules produced: a higher
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Table 7: Mitotic Indices, Percentage of leferentlated
Metaphases and SCEs in Inbred and Laboratory
. Maintained Wild Male Mice Using 13-17 hr Injection
- Schedule.
Percenfage of

) Mitotic Differentiated

Animals Index Metaphases . SCE
C57BL 5.79 . : 22 ' 1.85
Dover - 4.65 BRI T S - 1.87
(wild) : :

Houle 4,36 5 2,40
(wild) - . - ‘ . ‘

" Laramie '4.40 . .16 2.32
(wild)

Comartin a.41 . 15 ©2.13
(wild)- '

Average

/values for

wild mice

4.45 ‘ 14.75 2.18
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number of SCEs but the mice showed more stress. Moreover,

A

the metaphase chromosomes showved stickiness and poor spread.
. . Tl
o

Therefore, 1ncrea31ng the number of hourly 1n3ect10ns or

shortenlng the 1nJect10n lntervals did not’ 1mprove the

results

-

‘H. Effect of Deoxycytidine on the Pereentage of

*- Differentiated Metaphasesl

The next approach_ was to ‘continue the 9 hourly
1nject10n schedule but evaluate the effects of derycytldlne.
Four C3H male mice were g1ven 9 hourly injections of 40
ug/g of b.y. of,BUdR, 2 ug/g of b.w. of FU4R and bihourlf
injections of 1 ug/g of b.w. of deoxycytidine with 5 ug/g
of b.w. of colchicine on the léth-hr for 4 hr. The other
‘group of four animals were given exactly the same treatment.

but deoxycytldlne ‘'was excluded * In anlmals whlch received

*-\deoxycytidine, the average percentage of dlfferentlatlon

. was 20 0o, but the correspondlng value in mice w1thout the
treatment of deoxycytldlne was 25.00. The mltotlc lndlces
in derfcytldlne treated and untreated anlmals were 6.50 and
5.95 respect1vely. The SCE values in mlce which received
deoxycytidine was 2.04. - The conclusion from this experlment'
was that deoxycytidine mlght be counteraétlng the effects
-of FUdR and hence, reducing the 1ncorporat10n of BUdR
molecules into: the newly synthe51zed DNA strands, - ' ~§

* Further tests were done with wild male mice to

evaluate the effects of'-the gbseuce of deoxycytidine.ep

Al
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the number of differentiated metaphasee Four 1abcratory
maintalned male wild mice were glven 9 hourly 1nject1ons
“,  of 40 ug/g’ of b.w. of BUdR, 2 ug/g of b w. Of FUdR w1thout
any depx&cytidine.’ The average percentage of differentiated
.o metaphases was 18. Mice with lower body welghts (< 15. g)
o . failed to produce the reqnlred number of dlfferentlated ’
metaphases Since w11d mlce 1n general were of lower body

Welght, the applicatlon of the presept 1nJectlon schedule

T.ogto wild mlce‘was not very su;table. '7‘ ¢

L. Effect;of’Different InjectionﬁSchedules on Mitotic Indices,

Percentage of Differentiated Metaphases and SCEs in

w@fboratory Maintained Inbred and Wild Mice

"The effectiveness of other injection schedules was

‘explored. . Table 8 Shdws the mitotic indices, percentage

~

of differentiated metaphases and SCEs in inbred and
laboratory maintained wild mice at'different time schedules,
with 9 hourly injectione of 40 ug/g of b.w. of BUdR, 2 ug/g

. of b.w. of FUdR and 5 ug/g of b.w. of colchicine.

[y

The results 'show that the percentage of d1fferent1ated

. 'metaphases and SCES lncreased when the animals. were sacrl—

-

ficed at later times. The colchicine treatment was.reduced

frém 4 hr to 3 hr after the 21ist hrotime, on the assumption

* that the cells had'undergone two replication cycles and
enough metaphases after the 3 hr of colchicine treatment
~could Be obtained.

The highest mitotic index was obtained when the
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entage of Différentiated

2

+*

Metaphases 'and SCEs in Inbred and Laboratory
. . Maintained Wild Male Mige Using Various .Injection
‘Schedules. ’ }
.« .
. No. and- . ‘Percentage of
Injection Strain of Mitotic _ Differentiated )
Groiup Schedule. Animals Index Metaphases. SCE
N '
‘1 13-17 hr - 2 C3H 7,06 23.00 1.60
. 2 wild 6.81 1. 20,00, ' 1.75
II 17-21 hr 2 CS7 3.82 25,00 1.83
= : ’ 2« wild 4.?0 28.12 h?.OO
III . +21-24 hr 2 C57BL 1.88 36.11. 'ﬁ2l10
. 2 wild 2.02 .30.50 2.21
v 24-27 hr -+ 2 CS7BL  1.72° 45.00 2.10
2 wilg 2.31 . 38.76 2.27 .
V. 27-30 h» 2 C3H . 2.23 " 53.80 3,00
b 2 wild 3.12 42,85 X 2.90
N “

"
1 ;- art N
ANY

¥

’
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animals’ were sacrlficed on the l7th hr followiug four
hr of colchicine treatment. The wild mice showed\lower o -
mitotic indicesrfor all injection sehequles except for the

13-17th hr sohedule. kThe percentage of differentiated

metaphases was sllghtly higher in inbred etrains than ‘wild

_mice.- Wheh animals-were—sacrificed at later tihesz there-

was an 1ncrease 1n the percentage of differentiated metaphases

and SCE frequen01es However, an;mals in Group V produced-

well differentiated metaphases with no partially or incom-

Pletely differentiated metaphases whiph were encountered iu

earlier time sehedules. . R -

Based on these results, it eas concluded that the 27-30
hr echedule was beét,‘because this schedule gave the higheet
_number:of Qifferentiated metaphases, required number of
mitotic figures and the minimum number of incompletely 1
differentiateavmetaphases in irbred and wild mice. The
revised protocol for freshly caught w1ld mlce, therefore
Was to 1n3ect 9 hourly doses of 40 ug/g of b.w. of BUdR,
- 2 ug/pgSf b.w. of FUdR and 5 ug/g of b.w. of" colch1c1ne on
the Zj:E hr for 3 hr. The earlier time schedule, although
sultable for 1nbred mice, which in general were heav1er

was not suitable for the llghter wild mlce The latter

gave better results with the 27 30 hr schedule

J. Basellne SCEs in Certaln Inbred Stralns and Laboratory

Maintained Wild Male Mice

Using the revised protocols (9 hourly‘injeotiohs of



-

A

: " a3

a , R
40 ug/g of b w. of BUdR, 2 ug/g of b,w. of FUdR and 5 ug/e
of b.w, of colchicine on the 27th hr for 3 hr), SCEs’ Were

determlned in certain inbred strains and w1ld mlce in order
L]

l to establish the baseline SCEs (Table 9). ) :

C3H animals gave the lowest baseline SCE value. The
DBA and Fl anlmals showed somewhat hlgher SCEs over the
C3H and CS57BL mlce Female mice showed considerably
higher SCE values than did the male counterparts This
was observed in all strains of mice that were exahlned

The frequency of SCE in laboratory maintained male
mice was simialr to that seen in control male inbred for
both time schedules (13 17 hr and 27-30 hr) examlned
Table 20 (Appendlx II) shows the SCE values of individual
male mice maintained in the laboratory for- 6 9 months,

K. Testing the System with MMC ' N

<

Mitomycin-C (MMC), a bifunctional alkylating agent
which cross links with the complimentary strands of DNA,

is a’known inducer of SCE (Allen and Lait, 1976; Kram ‘et -

al., 1979).

«
o

Using‘the present procedureJMMC showed a dose dependent
incerase in SCES'(Table 10). A statistically sfgnificant'
difference (p'< 0 05) was observed between the SCE values
of the animals not treated, with MMC and animals treated

with 1 ug/g of b.w. of MMC. These ekperiments were

‘ conducted with 9 hourlj_injections of 40 ug/g of b.w. of

BUdR, 2 ug/g of b.w, of FUdR and 5 ug/g of b.w. of colchicine
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- Table 9: Baseline SCEs in Certain Inbred Strains of -
Laboratory Maintained (6-9 month) Male Wild Mice,
L ) T

. Total No. -
of Mice Mean SCE-SEM

+ Strains Examined . (per animal)

C3H males 19 3.42%0.07

C57BL males 17 3.6210.08

DBA males 3 3.9710.13

F1 (C3H male x C57BL 4 4.13%0,17

female) males )

C3H females 4 5.09%0.03

C57BL females 4 5.80%0.15

Fl (C3H males x C57BL 2 6.16%0,00

female) females

Laboratory maintained 13 3.46%0,12

wild males ‘ ‘

L}




45

-
[y
v

Table ‘10: Effects of MMC 6n Chromosome Morphology and
. SCEs in C3H and CH7BL Male Mice With 13- 17
and 27-30 hr InJectlon Schedules

‘ Percentage of
No. & Strain Injection Dose of MMC Fragmented

.of Animals Schedule . (ugl/g) - Metaphases SCE
2 C3H ~  13-17 0 o ... ~ 1.60
2 C3H 13-17 1. 2 2.50
2 €3 13-17 2. 4. 3.10
2 C3H  13-17 T3 - 10 4,76
2 C3H 13-17 4 25 no SCE was

counted
2 C3H 13-17 . 8 Complete suppres—
sion of mltotlc
. 1ndex “
; _ LY
2 C3H 27-30 0 . 0 3.00

2 CS7BL T . 27-30 - ... .0 0 3.20
2 C3H '27-30 , 2 0.5 ~ 5.45
2  C57BL 27-30 2. 1.0 5.60
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at the 13th hr for four hr. The animals wéere sacrificed on

"

the 17th hr.

...Tﬁe effects of’MﬁCrwere also evaluated‘for'the.27430uhr

time .schedule. When 2 ug/g of b.w. of MMC was injected 24

hAr prior to the first injections of BUdR/FUdR, the SCE values

in C57BL and C3E male mice were 5.60 and 5.45 respectively.
In the control C57BL and C3H mice not tréated with MMC,

the %CE values werélé.zo and‘3.0'respectiveli‘(Tablé 10).
A highef number of fragmented metaphases was observec in
mice ¢;eated ﬁith MMC‘and sacrificed at the 17th hr as ‘ﬁ‘
compared to the thh hr: MMC higher than 4. ug/g of b.w.

was ‘found extremely damaging to murine metaphése ghromo—
éomes.- ' .‘. ' , . ' o

<
¥,
e +

" 4. CONCLUSIONS

Murine bone marrow cells provide a good test tissue
for SCE ana1ysis because of their High mitotic index. From
thé sister chromatid exchange data;‘it appeq#ngéhat the
in vivo bone marrOW'celi giclelin mice under the -existing
conditions (i.e. when'treate& with BU&R, FUdR) may be similar
‘to thét observed in‘ChineSe hamster cells by‘Fremuth et él.,
(1976). | | |

§ .

A procedure involving 9 hourly injections of 40 ug/g

;.-of b.w. of BUdR, 2 ug/g of b.w. of FUdR and 5 ug/g of b.w.

of colchicine is sufficient to give an adequate number of

A3
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differentiated metaphases forvSCEvanalysis' The 13- 17 hr_
time schedule was found suitable for heavier inbred .mice
(mice.weighing over 25 g), but not for wild mice or mice
weighing less than 26 g. The 27-30 hr time schedule gave
the best results here and acceptable results for the heav1er
inbred mice. -Deoxycytidine was found unnecessary whereas

FUAR was necessary for_differential staining. Hanks balanced

;salr solution at pH‘7;Q was a suitable solvent for BUdR,

FUdR and deoxycytidine, The *neutrality of the pH however
eppeared extreme1y4important for a high incorporation of BUdR,
Ail solutions, particularly BUdR and FUdR solutions required
protection from light in order to prevent photolysis Potas-
sium chloride (0 075M KCl) and methanol/glac1al acetic acid .
fixative were found suitable er bone marrow cells. ; Cells

collected_from femurs and tibia gave similar results, how-

1

ever, the preparations from the tibia were much clearer and

did not contain.any cellular debris.  Tibia was the bone of
choice eventthough-the amount of ceils collected from this
bone was small.

C3H mice gave the lowest baseline SCEs, while C57BL
produced a higher number of differentiated metapnases. The
nitotic index appeared somewhat higher in C3H animais.

DBA and ¥ mice gave higher SCE values than the other two

1nbred strains. ~

Female mice showed a higher number of differentiated

metaphases and 2z higher frequency of SCEs compared to

j4m~ : : o )
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that of male mice. A sharp chromatid differentiation was

cbserved in cells féom female mice. A Qreater,variability
in the SCE véiués of female inbred mice was also obsefved
compared tc the male inbreds. |
| Wild mice maintained in fhe laboratory over -a period
of six months, gave SCE values similar to those of -control
inbred étrains. | - 7

High temperature (34°C) and high humidity (70%) during
thé injection period'seemed to have a st;ong effect on
thé percentage of difféfentiation and SCEs without any
appreciable effect on mitotic index and chromosomal

aberrations.

Ea

'8



. CHAPTER III
. - .
CHROMOSOME AND CHROMATIN ABERRATIONS
- ASSOCIATED WITH THE TEST SYSTEM

Ly

14 INTRODUCTION 5

?he types éf'chromSSome démage\which can be cytologically
distinguished at metaphase are dijided ipto'two main gfoups:
1y éhromoséﬁe type- when the fwo chromatids are affected at
tHe same locus. 2)‘chfomatid type- wﬁen oniy one'chromatia
is affected at a given iocus (Savage, 1976). - '

The types of aberrations that can be observed include
gaps, breaks, deletidns, fragments, radial exchange figures,
pulveriéed metaphases;--ecomplex structural rearrangements,
dicentrics and rings (Bostock and Sumner, 1978). Gapﬁ or
aclromatic regions are unstained areas of the chromosomes |
without any visible chromatiﬁ material;"Thef appear as
'. wiié ﬁs inchromatid. Breaks on the;éther hand, are chromatic

angd- are not aligned with the cﬁrg@afid (Boétock and Sumner,_-
1978). | |

Chromatid. aberrations can b;.induced by physical and
chemical mutagnbs (Perry and Evdns,‘1975; Russeil, 1979;
Rénner, 1979; Douglas gl al,, 1980). The type of aberratioﬁ'
‘depeﬁﬁs oh the stage of the cell cycle and fhe]nature of the
agents {Evans, 1962; Evans gnd-Scott; 1969; Bender et al.,
‘1974; Wélff, 1978; Wolff, 198la). The stages susdeptible_to
ehromosomal aberrations_include; metaphase, anaphase, telo—_.
phase, (mitosis), early pie—DNA synthetic stage (G;), and

49
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‘.cyclophosphamide.produces chromatid breaks, isochromatid

Latt, lQTBa)TﬁfﬁUdR and FUdR have been reported as cell

metaphase stage, does not appear tofcause any chromosomal

50

&
the beginning of:DNA synthesis (S). However, exposure of

ce;ls to these'agents'in the later stéges of G, S and the
post-DNA synthetic period (Gg) result in chromatid aberrations

(Bender et al., 1974). Exposﬁre during the prophaSe stage

"ﬁay'result in a sub-chromatid type of aberraticn (Brinkley

and Humprey, 1969, Evans and O'Riordan 1975; Bender gg'gl.,
1974), ‘ |

' Korte iiQSO) has shown in Chinese hamsters, that
brezks and chrométid translocation whereas aflatoxin By pro-

duces only chromatid breaks, isochromatid breaks but no

[y

- chromatid translocation;:aflatoxin G, on the other hand,

produces chromatid breéaks,

The induction of sister chromatid exchénge differ-
entiation requires a series'of intraqeritongal injections
of BbdR, FUdR, and in somé cases, deoxycytidine tBauknecht
et al., 1977; Rosziqgky—Kocher-gi El;, 1979;' Allen and

2

cy¥cle specific mutagens (Aebersold, 1976, 1979). BUdR -

has been known to cause chromoscmal aberrations in cultured

mammalian cells (Hsu'ahd:Somers, 1961 ; Déﬁey and;Humphrey;'
1965; Hﬁang, 1967}l FUdR hés been récogniied as being
spécific in the cause of aberrations such‘as achromatic
gaps'(éenderlgg al., 1974). |

Colchicine, which is used to arrest the cells at the

-
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éberratioﬁs.(Hughes, 1952; Eigsti and Dustin, 1955; Tschimoto.
and Matter, 1979). |

Mitomyecin-C (MMC) is a mutagenic (Szybaléki, 1958; -
Iiiima and Hégiwara, 1960;'Cafrano et al,, 1978). It is
commonly used as a test compound in evaluating the sensi-
tivity of in vitro and.ig vivo SCE inducing systems (Latt
1974a; Létt et éi., 1975; Perry and Evans, 1975; Allen and
Latt 1976a,b; Galloway, 1977; Carrano et al., 1978; Kram
and thneider,‘1978; Ishii, 1981). MMC'has also been known
aS.é clastogeﬁic agent (Merz, 1961} Cohén and Shaw, 1964;
Nowell, 1964). - | -

"

-~

There are some Studieé which have evaluated the f;é~
quency oftchrbmosoﬁal aberratiogs induced by tﬁe jpint
treatment of BUdR,.FﬁdR; colchicine and. MMC ﬁnderlqon—
ditions that differed from those used in this study.

Roszinsky-KOcher and RBhrbord.éIQTQ}, using éer;alf
injectioné of BUdR and.Fﬁdﬁ in Chinese hamster cells and
colchicine to arrest the metaphases, have shown that control,
énimalg show 3%'of thé. metaphases with étructural aberrations
§uch'as gaps, breaks and ffagments. They have also‘further
demonstrated that cyclophosphamide, an indirecf mutagenL
produces exchanges, deletions and-multiﬁle‘aberratidns at T
..a higher dosé. Kram and Scﬁneider (1978) used the'intra—>
‘venous infusion method of BUd4R substitution.in different
strains of mice and have'shown that the frequency of chromp—

somal aberrations in untreated (no BUdR, no MMC) C57BL/6J .
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and AKR/J was 0.105 and .0.12 per cell, respectively,
Their results indicate that MMC produced 0.39 chromosomal

aberrations per metaphase cell in CS7BL/6J and 0.55 pér

. metaphase cell in AKR strains. ‘The type of chromosomal

"~

aberrations induced by MMC included: breaks, gaps, fragments,

_ dicentrics, tri-radiails and quadri-radials. The tri- and

duadri—radial figures appeared as three or four armed chromo-~

" somes respectively. The predominant aberrations were gaps

_ -
and breaks., In an in vitro study with CHO cells (Perry and

Evans, 1975) it was shown that MMC imduced chromosomal T

aberratiqnsrinﬁO.ls% of the chromosomes and chromatid

. aberrations in.0.90%. MMC and BUdR together in metaphase-1

(M-1) cells cauéed 0,54% of chromosomal aberrations and
1.73% of the chromatid aberrations. In M-2 cells the two
chemicals induced chromosomal aberrations in 0.54% of .
chromosomes and chromatid aberrations also in 0.54% of the
chromosomes examihed. The chromosomal aberrations included:
diceﬁ%rics, rings,fdeletions, éaps, and bréaks. Tﬂe chroma-
tiq abérrations included: rings, isochromatids and inter-
changes. Brggger (1979) has indicated that the unstable
aberrations like breaks, fragments, rings, and dicentric
chromosomes a;e“ﬁﬁinly seen in first'mitosis (M-1}. The
Samé author has alsé suggested that chromatid gaps and
attenuations causedAby alkylating agents ari due to folding

defects of chromosomal fibres., .This in fact may mean that

a target(s) other than DNA is _involved in some offthe above

'
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tybes of aberrations.

Tsuchimoto' and Matter (1979) have studled the cvtozenetlc

effects of FUdR andlBUdR in Chinese hamster bone marrow

cells follow1ng 1ntraperitoneal @njectioﬂs of BUGR and FUdR;

" Their study shows that FUdR w1th or w1thout BUdR induces,

mlcronuclel and chromosome damage, whereas-BUdR alone does
not.

This segment of the study was concerned wi%b‘the
‘types and frequencies of chromosomal;abéf;atiohs‘tﬁat
were observed in inbred and wild mice-due to BUdR, FUdR,

deoxyCytidiné, colchicine and MMC.

2. MATERIALS AND METHODS
The generél-proceudre for collecting and‘pfocessing"

of the bone marrow cells was deécribed in Chapter II.

' In most cases, the aberratlons were scored on slides

stalned for SCE analysis using 5% Fisher's or Merck's

Glemsa in Gurr's buffer (pH 6. 8) In some 1nstanceé slides
were stalned with 4% Gurr's R—66 Giemsa staln in Sorenson
buffer fB?T%\E}n and also with 2% Aceto-qrceln and with

Feulgen stain. Formulae are given . in Appeﬁaix 1,

About 1000 cells were examined for chromatin aberratioﬁs,

One hundred metaphases per anlmal were .analyzed for esti-
“e, matlng the frequency of chromosomal/chromatld aberratlons

All aberratlons werelscored.by llght microscopy u51ng the

‘A
2]
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100 x oil immersiOn objective. Al1l chromosomal/chromatid
aberrations were expressed.in terms of the number of differ-
entiated metaphases counted.

3. RESULTS AND DISCUSSION

A, The Effect of Colchicine.on Chromosomai Ahomalies in

R

C3H and Wild Male Mice

- The effects of colchlclne on bone marrow metaphases of

CBH and w1ld male mice are given in Table 11, The types of
anomalles observed were Y chromatld separatlons achromatlc _
gaps, chromatld exchanges, tw1sted chromatlds condensed.
(heteropyknotlc) chromosomes ahd chromo;:mes showing an uh-‘h
equal‘chromatid'length The Y chromatld separatlons were

the predominant type of aberratlons These.were commonly

-seen.in the" early pro—metaphases. An average of 0. iSm of

the metaphases showed chromosomes w1th unstalned (achromatlc)\

1es1ons or gaps.‘ Brggger (1979) has suggested: that achromatlc :

. gaps may result from 2 type of 1ncomplete foldlng of the

chromosome fibres. Fig. 5 shows a metaphase spread with

__acentric.fragments It is difficult to expla;n the.reasons -

for the Y chromatid breakage Chemlcals capable of aﬁ?eotlng

the functlon of the centromerlc heterochromagln have been ’“w-

reported as causing nondlsaunctlon (Vig, 1977)

B. .atlons 1n CBH and.CS7BL and Wlld Male Mice

'
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" Table 11: Effects of Colchicine (5 ug/g of h.w.) for 4 hr

on the Percentage of Chromosomal Apomalies in Male
Inbred and Wild Mice.

s

Strains and No..of Mice C3H (4) Wild (4)
Tbtal-m;taphage.jzunted | 320 360.
Y chromatid breaks or 4.0 - 6.4
acentric fragments’ '

© Unequal chromafid-ratios ' 2.8 2.5
Acrocgﬁ%rié associations 0.10 ' 0.30

' Twisted chromatid of one 2.80 . 3.74 '

chromosome making a loop
form shape . ‘

Achromatic lesions giso | +0.32

Chrdmgtid exchanges " 0.00 0.27

Condensed medium sibed . . 0.30 0.57

chromosome _ . . . -
_ Condensed small sized Jo0.27 . 0.30 .
(Y)' chromosome - ‘ B

' I ’ : \

Small mininuclei . " 0.00 - 0.63

~
X ¥
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Fig. 5. Acentric fragpents 0f Y chromosome in a spread

(x5,700; Giemsa Ftain).
. A
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Table 12: PErcentage of Chromosomal Aberrations Observed
‘ - in C3H, C37BLlL . and Wild Male Mlce Using 13-17 hr
In39ctlon Schedule.

-

Animals . 2 C3H 2 C57BL 3 Wild
Total metaphases counted 200 '_ 200 ) 300
- ¥ chromatjd separation 2 ' _ 2 4
Fragmented metaphase ' 0 0 1
chromosomes .
_Deietions _ | . 1 1 2
Acrocentric association 1 1 1
Mininuélei 0 0 0.5
Achromatic lesions 0.5 1 2
Metacentric-like 0.5 1 1
differentiated chromosomes '
A smail chromosome (Y) deeply - 1 2
- stained in a nondlfferentlated
'metaphase
A small chromosome (Y) with 1 0 ' 1

both chromatids. stained in a _ : .
- differentiated metaphase
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aberrations in C3H and C57BL and wild male mice following 9

.hourly injections of 40 ug/g of b.w. BUdR, 2 ug/g of b.w,

FUdR and 1 ug/g of b.w. deexycytldlne (on alternate hours)
with 5 ug/g of b.w, colch1c1ne glven on the 13th hr following
the first injections of BUJR, FUdR and deoxycytidine for four;
hr. No-commoﬁ anomalies were observed.l ﬁére anomalies in-"
clude: metaéentric differentiated (fig. 6) and non—diffgr—
entiafed chromosomes (Fig. 7), a small chromosome different-
1a11y stalned in a metaphase (Flg 8), a small chromdsome
with both chromatlds deeply stained 1n 4 differentiated
metaphg;e (Fig. 9). 1In a metapbése playe wpere the meta-
centric-like chromosome.was found, tﬁere were only 39-acro—
centric chromosomes observed.. Therefore,-the metacentric
chromosomes probabl& arose from the fusion of two acro-
centric chromosomes at the éentromere. Similar observations
have been reported in male DDY mice fed on a diet containing

500 ppm monomeric acrylamide for 3 weeks. The spermato-

gonial cells in the treated mice showed chromatid: exchanges

" and metacentric chromosomes. The frequencies of these

aberrations wefe-low. It has been suggestéd by the author
that the metacéntric chromosomes occurred due to Robertsonian
translocation,

The small chromoéome,which.was'found in rﬁte-c es, out

of synchrony in its differential staining pattern frdm. the

" rest of the chromdsomes, was identified as the Y chro osSomes

by the absence‘of'c—banding since the murine Y chromosome
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Fig. 6. Differentiated metacentric chromosome in a
differentiated metaphase plate (x4,000; Giemsz

stain). .
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Fig. 7. A‘non—differentiated‘metacentric'chrompsome ih-a

non-differentiated metaphase plate (§4;000;

~

Giemsa stain).




Fig. 8.~

b}

61

-

Metaphase showing a chromosome with dlffernntlally
sStained chromatlds (probably Y chromosome )

(x5,000; Glemsa stain), s



Fig. 9.

G2

A differentially stained metaphase showing a

chromosome (probably Y) with two chromatids

equglly stained (x4,000; Giemsa staig).

r
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lacks C-banding chromatin. In another metaphase this

- ghromosome appeared to show centromeric disintergration.

A Y chromosomal aberration has been reported in a worker
exposed to dibromochloropropane (Kapp et..al., 1979).

C. The Effect of BUJR and FUdR on ChromoSomal Aberrations

Aniﬁals received 9 hourly injections of BUdR/FUdR
with ‘5 ug/f of b.w. of Eolchicine on the 13th br.and ﬁere :
sacrificed 4 hr later. BUdR did not appear to cause any
sﬁbstgntial chromosomallaberrations. The chromosomal
aberrations observed with various doses of FUdR are .presented

in Table 13. In some metaphases, a Chromosome (Y) appeared
) o .

as two fragments, possibly due to the loss of their centro-

‘ meric portion of thg thomat@n. " It should be pointed out

that ¥ chromosome zberrations Have aisoabeen'observed in
cells treated with colchicine alome. The frequency of
these particular abe}rations appeared to increase as the

doses of FUdB'increased. Other aberraﬁ}ons which showed an

‘increase with the addition of more FUJdR at each dose were

tri- and quadri—radials. These figures appeared as thfee
or four armed chromosomes. ' .
Othéf cﬁromatid aﬁerfations'such.as achroyatic 1esions,.
chromatid breaks, delefiops, franslocétions and'dicentrigs
appeared between 1-2% in freQuency. In a few of thg‘meta—
phases (about 0.5—1%) extended chromatin filament ffom the

centromere was observed. ~Schreck‘§3. al., (1979) have

réported biarmed chromosomes with extended centromeric

-
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Table 13: Percentage of Chromosomal Aberrations Observed
in C3H Male Mice Due to Different Doses of FUdR
Using a 13-17 hr Injection Schedule.

Dose of FUdR (M/g) 2 4 8 10 16
No. of Animals : 2 2 2 2 2
Total No. of 200 200 . 200 200 200 .
differentiated Tl ‘ '

metaphases counted

Y chromatid separation 4.5 - 5 9 - 9,50  11.
Chromatid breaks 0.0 1.0 - .1.0 1.0 1.0
Achromatic lesions 0.0 0.0 2.0 1.5 2.0
Deletions ‘ 0.0 0.0 c.0 .30 0.5
Tri-and quadriradials 0.0 0.0 3.0 3.0 4.0
Acrocentric association 2.0 3.0 '2.6 2.0 3.0
between chromosomes .

Dicentrics - . 1.0 1.0 1.0 1.0 1.0
Trgnslogations _ 0.0  0.0. - 1.0 1.0 1.0
Extended chromatin 0.5 0.0 . 0.0 1.0 " 1.0

filament from the
centromere
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heterochromatln in bone marrow cells of CBA male mice treated

with hlgh doses (225 ug/g and 400 ug/g) of acetylamine

fluorene (AAF) follow1ng BUdR treatment. ' These workers have -

» N
also shown multlple centromerlc assoc1atlon due to AAF -

Other types of anomalles found were: metacentric-like -

chromosomes (0. 2m), small chromosomes dlfferentlally Stained

in a non-differentiated metaphase (1-3%) and a small chromo-
some with both arms stained in a oon—diffesessieted metaphase
(0.1%).‘ Two!ﬁemale C3H m;ce were also tested for the effect_'
of high doses of FU4R (10 ug/g) using the 13-17th hr. injection
schedule{ The types of aberratlons found were mlnlchromosomes,
chromatid separations (probably X chromosomes), extended
centromeric chromatin, achromat;c gaps, deletions and di-
centrics.: Female mice showed 3 times the number of structural
chromatld aberrations seen in' males treated with 51m11ar

c
doses of FUdR

D. Effect of Temperature and Humidity on Chromosomal

Aberrations

Anlmals whlch recelved 9 hourly anectlons of 40 ug/g
of b.w. of BUdR, 2 ug/g of b. w. of FUdR and 1 ug/g of b.w.
of deoxycytidine (on alternate hours) at normal room tempera—
ture (22-23°C) and at high room temperatire (34°C) and
humldlty (70% R.H. ) were analyzed for chromosomal aberrations.

There was no 51gn1f1cant difference in frequenc1es
of aberrations in the animals subjected to high (3400) and

normal (22- 24°C) room temperatures (Table 14).

4
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Table 14: Percentﬁg!dgf Chromosomal Aberrations Observed
: in C57BL and Wild Mice at Normal Room Temperatyre
- (22-24°C) and C57BL Male Mice at High+Room o
. Temperature (34°C) and High-Humidity (7099).

-

* Normal Room Temp.
No. and Strain (22-240C) | :

-

Ry
High Room Temp.

Deletions 7 1.0 - - 0.5

~

: . -(340C)
-of Animals 4 - C57BL 4 Wild 4 C57BL
Total no. of : 400 ' 400 . 400
metaphases counted
Metacentric-like - . — 0.5 0.5 0.5
differentiated chromosomes. :
A small chromosome (Y) 0.75 0.5 0.0
with borh chromatids ’
deeply stained in a non-
differentiated metaphase . .
‘A small chromosome (Y) 0.5 0.25 0.25
with both chromatids stained ' ’
in a differentiated
metaphase
Acrocentric association .25 1.0 0.25.
- Achromatic’ lesions : 1.0 1,5 1.0
Y chromatid separation 1.0 2.0 1.0
Chromosomal fragmentation 0.0 0.5 - 0.0
. ‘ o
Mininuclei < 0.0 : 0.5 0.0
0.0 .
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E; Effect of MMC en Chromosbmal Aberrations

i I

Table 15 shows the effects of MMC on murine bdne marrow -

chromosomes. ‘ . , _
When 2 ug/g of b w. of MMC were 1n3ected u51ng two
' doses one at 24 hr prior to and the other at 8.h; prior to
the first injec;ions of 'BUAR/FUAR in C3H males, 4% o:-tge”'?/'d/

‘metaphases showed a small chromosqmes\(probably Y) as being

-

&
highly,pyknotic.‘qFour and 6% of the mefaphases,shdwed '

chromosomes with terminal deletions and whorl arrangements,

-

;eépectiﬁely. Table lS'ehows fheiﬁype and ffequehcies of

aberrations in_MMC ereated C3H male animals. Séromatid

aberraeibns were the predomonant;tybe. The clustering. \
"bflchromosemes in the metaphase.pietes,'deletions, breaks

and gaps were the other types of aberfatio;s observed. When

MMC was‘injected 24 hr prior to the firsf idjections of -
[ .

BUdR/FUdR there did not appear "to” be. any dlfferences

 between .the frequency of aberratlons in MMC treated and

.

control anlmals. . ‘
When 2 ug/g of b w. of MMC weré 1nJected 24 hr, 13 hr
. and 6. S‘hr before and-6 5 hr,_lB hr, and 24 hr after the

L

flrst 1nJect10ns of BUdR/FUdR 31m11ar types of aberratlons

£

were observed However complex aberratlons (Fig. 10) . ; .;
’gccurred only 1n'ézce treated with MMC’ on ‘the lBth hr

fellow1ng the first 1n3ect10ns of BUdR/FUdR and,belng
sacrificed-oﬁ the 30th hr fellow;hg S‘hf_df ceichicine'

S . . T
treatment. In general, MMC caused several structural

+g
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;Tablells; Percentage of Chromosomal Aberratlons Observed ,
in C3H Males Treated Wlth MMC :
a . MMC (2 ug/g) MMC (Z-ug/g) MMC (3 ug/
. 24 hr priér 8 hr pg&or - 8 hr prior
. " No MMC to - . ~ Yo to -
No. ‘of animals 2 - 20 2 o 2
P T ‘ ' . . ) X
No. of metaphases _ 200 - ~200 - 200 s 200
counted - . I . . h
" Centromeric asso- - 4 6 L1 34
ciation and clus- '
‘tering of chromosomes
.Sméllﬂchromosome‘ o9 5 o 2.3 o ¥
deeply stianed in - : : .
metaphases . T
An extended chromo- 2 - 0o . oo~ o
some in metaphasésj‘ ) . . i . . ) .
Metacentric-like. =~ 2 ) _ 0 ! o
chromosome o _ . .- B
Enlarged centﬁomerer . 2 -11 1. ‘1
Chromatid bridge .. 2 '« 0. 0 . 0.
Fragmented metaphases 0 1- : 2.3 ©. 3.0
".Termlnal deletlonSa 0 - 1. o ! L 2.27
Y chromatld separatlon 2 ' .2, . 2.3 ' 0
.Chhomatld breaks . 2 o 2.3 *», " 3.0
Achromatic gaps 2 2 - 2,3 2.27
L L S . . . . )
: T -".' b ..
> ,‘ . Lt :‘?‘ ) \\'l . L
2 ’ 3 . . ’ ~ . '
r
. + ' .‘:
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_Fig. 10. thaphase'showing,multiple aberrations: a) sticki-
ness, b) radial figure and.c) fragments (x6,000;
s ' - e

¥ -—
. Giemsa stain). . ' A T
N -

., . ' . ’ . .
. : . ' ! ’ " .o ” '
R T .

-
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-the 27th hr following.40tug/g of b.w. oleﬁdR,and 2 ug/gl'v

70

R

N
aberrations when:injepted a few hours prior to and a few

hours after the BUdR/FUdR treatments,

F.. Chromosomal Anomalies in Mice Sacrificed at the 30th Hr-

No major aberrations were observed when animals were

sacrificed on the 30th hr with 3 hr eolchlcine_treatment on

“

of b.w. of_FUdR. Occasionally differentiated'metacentric

metaphases, chromosomes with both chromatlds deeply stained.

- :

and chromosomes with tw1sted chromatlds were observed

G: Percenta age of Micronuclei and Chromatln Brid g s in Bone

Marrow Cells of C3H and CS?BL Males Treated w1th MMC -

When MMC (2.0 ug/g of b.w.) was 1nJected at 24 hr, 13 hr,

6.5 hr before and. 6.5 hr, 13 hr and 24 hr after the flrst
1n3ect10ns of BUAR/FUdR in CSH animals with nine hourly

injections of 40 ug/g of b W, of BUdR, 2 ug/g of b.w. of -

| FUdR and 5 ug/g of b w., of colch101ne on the 27tk hr follow1ng

the first. 1nJectlons of BUdR/FUdR for 3 hr a number of
chromatln brldges (Flg. 11y were observed This eXperiment-
was extended to CS7BL males. These mlce showed a greater
number\of mlcronuclel (Flg 12) and no chromatln brldges
Results of these experiments are glven in Table- 16. These

results suggest a straln spe01f1c sen51t1v1ty to MMC Slml-_

. lar observatlons have been reported by Maretoja and’ Valnlo

+

(1979) They analysed the lymphocytes from 1nd1v1duals

exposed to styrene and found a con51derably hlgher percentage

-
. .
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Fig. 11. Ch:romatin‘b;'idge in C3H male animals treated with

" MMC (¥%,700: Giemsa Stain).

\
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Fig., 12. Micronﬁcleus in MMC treated animfx_ls (x4,100;

Giehsa stain).

U
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of micronuclei and nuclear bridges compared to controls.
Furthear studies are needed téiestablish the merits of these

cytological parameters in mutagenicify testing progrgmé.

* 4. CONCLUSION | .

Most of the aberrations observed in'metaphase chromo-
somes are of a chromatid type. Aberrafions on treatment
with colchicine; BUdR, FUd4R are} achromatic gaps, breaks,
exchanges and Y chromosome bre;kage and metacentric
thomosomes; In 2ll cases with 13-17 hr time schedule, the
;berratioﬁs are seen at an extrem?ly 1ow frequency.

FUdR - and MMé,cauée ééQeral-chromatLd aberrations as
weil as giving‘risé to the vafious.fbrms of characteristic
exchangé (‘radial) figures. The frequency of aberfations
- due to--MMC dépgnd on the time of exposure. Most 6f these
aberrations are observed in earlier time scﬁgdules—such
és the 13-17 hr oné. The 27-36'hr time schedule produced
.'précticélly no abérrations. :

| In 1ight of‘phe abové résults, two méjor conclusioné
are reached: h
i) During SCE analysis, the,chromosomai §truc£ura1
variabilit&, miprbhuclei, and'chromatin bridges
can ﬁo? be used as an alternat%ve testing.procedure,

because of their low frequencies and beeguse the
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wild and inbred miee show nc appreciable differences.

2
i1) The 27-30 hr time schedule is preferred-for SCE

analysis because it uncovered practically. no

) { .
.chromosomal aberrations.
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CHAPTER Iv
-"APPLICATION OF SCE ANALYSIS TO MICE FOR MONITORIVG oF
ENVIRONMENT
1. 'INTRODUCTION

Environmental pollutentS‘pose‘a serious‘problem to
man's genome. These agents Have been and are continuing’
to increase steadlly Therefore, ’toere'is coﬁsiderable
need for a flrst 11ne monitoring system for genotox1c
agents. The-fea51b111ty of using in vivo SCE analysis for
sueh surveillance has been‘explored. SCEs which.inéblve
a reciprocal interchange betWEen'DNA molecules of homoio—
gous (51ster) chromatlds in a. repllcatlng chromosome, have
been described as a sensitive. measure of DNA damage re-
.sulting from such agents as ultrav1olet light (Kato 1973{
. Wolff et al., 1974), alkylating'chemicals (Allen and Latt,
1976a,b; Bauknecht et al., 1977; Latt; 1974; Perry.and
Evans, 1975; Popescu et al., 1977; Schneider and‘Gilman

. .
*1979: Stetka and Woitf, 1976; Stetka et al. 1977 Takenisa

"' and Wolff, 1977), industrial chemicals (Maretoge and yalnlo,

1979; R0521nsky—Kochef et al 1979; Rudiger ggwii.; 1976;

Takehisa and Wolff, 1977; Tsuda et al., 1981); pesticides

(Crossen et al., 1978; DeQassia-gE'éli, 1981), radioactive

.

isotopes (Gibson and Prescott, 1972) and transforming

viruses (Nlchols et al., 1978) Carrano et al. (1978) have,

:establlshed a relatlonshlp between SCE lnductlon and mutd’f
. e

gehe31s
.
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?Hé objegfives of thié section inclﬁded the applicgtion
of SCE technique té wild mice from different geographic  R
1oc%a;ons,-and to inbred mice exposed tp various coﬁﬁitioné
including outdoor enclosures. The 'results were analysed
for gedgraphic patterns and the effects of different en-

vironmental conditions.
o : ~_
o . A - LY

1
*

2., MATERIALS AND METHODS

A. Materials

The appreach involves. assaying SCEs'in hemopoietic

_tissues-of'*femurs obtained from house mouse; Mus musculus

domesticus. The mice were either representatives of. inbred

strains C3H/HeJ, C57BL/6J and DBA/2J or members of distinct

L

" natural populations. The inbred mice which were originally

obtainedfrom the Jackson Laboratory, Bar Harbor, Maine
have been malntalned at the University of WLndsor for at
legsﬁ 10 generatlons. The wild mice came from cOrn crlbs
in southwesternm Ontario. A description of these cribs and

the collecting procedure has been given elsewhere (Petras

and Topping, 1981). o ' o

B. Procedures

Each mouse recelved nine hourly 1ntraper1tonea1 in-

*

Jectldﬁs of each -40 ug/g body WElght 4f BUdR and 2 ug/g

body ‘weight of FUdR. 'The last 1nqect10ns of FUdR—y#s-glven

‘e

. g e . * 11
at twice this dose.. BUdR and FUdR wére-ﬂiSsglved in' sterile



.laboratory chow; c) Inbred animals housed in outdoor en-—

78,

Hanks baiacced solution (pH 7.0).. These solutiocns were

then.sterilized using a 0.22 um Millipore filter. Colchicine
dissolved in sterile 0.95% saline and filter sterilized was

injected intraperitoneally at a-dose of ‘5 ug/g of b.w., 27

hr after the first BUAR/FUdR injections. The animals were

sacrificed three hr later by cervicaf'dislocation- The

, collections preparatlon and staining of ‘bone marrow cells

.

were the same as described in Chapter II, except that the.
cells were collected from femur.

All comparisons were analysed stgtistically using the

student's t test. _ ‘ " &

-

3. RESULTS AND DISCUSSION -

The SCE values of the varlous groups of mice examlned

are . presented in Table 17%. . 8ix groups of mice were stualed

a) M1ce of three Lnbred stralns malntalned under typlcal

; laboratory condltlons (22°C 14 hr light; Purina Laboratory

Chow and water gg libitum); b) C3H mice meintaine& under

'typical laboratory conditions except that cprn replaced the

closures (100 litre drums covered with hardware cloth)

‘filled with corn; d) Wlld mlce collected from corn crlbs

~and analyzed for SCEs w1th1n 24 hr of capture, e) Wlld

animals collected from corn cribs 3 to 10 weeks before

being examined for SCEs and, f) Wild mice housed in the

Lo

yl . ! - . 4‘
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laboratory for at least nine months before SCE analys1s

Mice of the lnbred stralns 03H and/or CSTBL malntalned

.under laboratory condltlons were used as a standard:or

”control' nevery experiment and provided a measure of
the varlablllty
Males and females were cons1dered separately because

the twd sexes in both C3H and C57BL mice gave statlstlcally

different (p < 05) SCE values. The male SCE values are

con31stent with those reported by Vogel and Bauknecht
(X976) (4 SCE/metaphase for CSH), Draganl et al. (1981)
{3. l SCE/metaphase for C3Hf and CS7BL/6J and 3.9 for DBA)
and others. . - T - o R

- «Comparisons of the C3H”males wiQh.tbe rest of‘the_
males showed'significant-differences with ali groups except

the C3$ males maintained on corn in the laboratory (p £ .10j

‘and the wild mice maintained in the laboratory for at least

nine‘months (p (..20). The t test‘results are shown in |

role 1n the SCE dlfferences observed between the various -

.

groups. . For 1nstance, inbred mice housed in the laboratory

h Y

on either corn or Purine Chow had similar SCE values. Also,

thefgenotvpe of thehanimals does not have an overwhelming

effect on SCES since wild mice maintained in the laboratory

over an extended perlod have SCE levels very simllar to

thoselof C3H mice. This is further supported by the SCE

.

o




values approach,thogs of wild mlce ‘ The dlfferences in the

values of inbred mice housed in outdoor enclosures.' These U

'

v w o,

last two groups and also the sllght but szgnlflcant dlff—.
ences between C3H and 057BL males, nevertheless suggest some
genetic dlfferences 1n SCE 1nduc;b111ty

.

Short term (less than 10 weeks) malntenance of w11d mlce

4in ,he 1aboratory kad very llttle effect on the SCE values..

A longer perlod (6 months or more ) resulted 1n a decrease

1n SCEs. ThlS suggtsts that the SCE values 1ngnew1y caught

¢

" mice are ﬁlgher because of substances whlch'are absorbed and

-sequestered by the body -for a perlod of time.¥ The eventual

r . ) L]
decrease 1n SCEs could be due to slow degradatlon or ex-
- e .
cretlon of the chemlcals respon51ble for the hlgher values

v

‘Stetka and Wolfi reported 51m11ar flndlngs, the 1nc1dence of

" SCEs - rose follow1ng exposure to alkylatlng agents 11ke P

ethyl methanesulfonate, methyl methanesulfonate and cyclo-
phosmamlde and then decreased to control levels (Stetka

and Wolff 1876).

e . '

The‘SCE vélues_in females were significantly higher thgh’,'
" those of.males of_the-snme inbred‘strain under all con-

'ditions examined (Table 17). However, inbred females‘uhen

maintained in outdoor enélosures showed smaller increases
1) . .

in SCEs than their'male'counterparm,_ This -is not unexpected,

since in studies of detOxification by the liver’different

levels of cytochrome P-450, NADPH cytochrome P-450 re—

ductase and aryl hydroxylases have been reported for'the

G e,
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. two sexes o Sﬁ’h dlfiérences haze,been attrlbuted to Sex .

[

"'hormones (vatanabe et. gl;, 1980) As a result of thlS and“
to av01d compllcatlons because of pregnanc1es especlally in
the w1ld mlce the-snrvey efforts cOncentrated oply on male
mlce._ ' . | BN '

' Table 18 gives a-breakdown of the wild mice included

in Table 17. These mice were captured in the summer qf

1981 from corn crlbs at 8 locatlons in southwestern Ontario.

)///Each sample showed a significantly higher SCE value than

;\

' C3H or C57BL mice maintained'in the laboratory.
| Wild mice showed an east to west gradisnt of SCE levels
with mice from western 51tes generally hav1ng higher values.
" To determine if thls pattern could be.related to_industrial
and/or urban  pollution, two correlations-were calculated‘
1) between SCE values and the'dlstance of the Wlndsor—getr01t
complex (the largest lndustrlal and urban. center in. the
study area), and ii). between SCE values and the dlstance to //
the nearest industrial complex. A negatlve correlatlon was
' tound‘in‘both cases (r = -0.496 and r's -0, 488 respectlvely)
_.Both correlatlon.coefflclent values are highly 51gn1f1cant
(p <. 0001) Obv1ously, these correlatlons do not establlsh
a deflnltlve llnk between SCE values and 1ndustr1al/urban .
_emissions, they simply 1nd1cate the pos31b111ty bf such a
relatlonshlp. - B :. T

Finally, 1nbred mice maintained in the corn filled

enclosures on a farm east of a chemical manufacturlng plant
. . .

_,'_
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Table 18: Mean SCE Values in Wild Mice .Collected From
Various Locations in Wouthwestern Ontario. (The
. 8ites Run From East to West. Only Samples With
. Two or More Mice are’ Included). '
. - N .

Distance {km) rrom

No. ‘'of °~ Meam SCE/Cell . Nearest '
. Mice * SEM . Windsor/Detroit Industrial
Location Examined (per animal) Complex . Centgr*
Fingal 3 5.37%0.13 154 86
Wardsville 4 5.36%0.53 115 .62.
Ridgetown 127 5.58%0,35 = 100»0 75 .
Tilbury 4 4.83%0,19 . 58 f.‘ 58
Stoney Point 8 6.38%0.13 . 48 48
Harrow . 4 7.23%0.28 27 . 27
Essex 5 6.95%0.13 ‘22 22
McGregor 8 6.270. 31 19 19

’

*The closest industrial centers for all populations were either

Windsor/Detroit or Sarnia, Ontario.



-

B . Amherstburg, Ontario, just(johth of Windsor and on several

farms east of Sarnia; Ontario,

84

(p. €<.01) than laboratory maihtainedq}hbred mice. In the .
Sarnia region (Table 19), a slight decrease in SGE values
was observed'as the‘distance from Sarnia increased. .Although
a larger.sample size Es reqhired to determine whether this

decrease is reel, the pattern shpports the findings:from the

'corn crib populations that the mice closed to industrial

sites showed a- hlgher SCE value compared to those away from

) 1ndustr1al centres. . .

r . -~ _
4. CONCLUSTON | M |
A technique whidh gives consistently good preparations

for the detection of sister chromatid exchanges (SCEs) in

w11d mice (Mus musculus) has been developed. ThlS technique

has permltted a comparlson between inbred mice and mlce

L- L4

from natural populatlons Moreover, the Hifferences in‘' .

SCE values between laboratofy maihtained mice and wild

miEe, and between lahoratory maintained mice and inbred mice’
housed in enclosures at -various outdoor'sites, together with'
the geographic patterns in SCE levels, suggest that thlS

approach ‘has potentlal as ‘an. early warning surveillance
r

system for - cﬂenges in- the general levels of genatoxic agents

if the env1ronment

- . * N ~

gave SCEs sighificanély higher
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. . ‘ . .
Table 19: Mean SCEs in Inbred Male Mice Maintained in

Outdoor Enclosures. . , ég
: Number SCE/Cell
. . .Distance from of mice T SEM.

Location Industrial Center examined -  (per animal)

Sarnia I - -3 km 7 5.21%0.13

Sarnia II 14 km 3 4.90%0.10
~Sarnia III 40 km - 8 4.48%0.23

Amherstburg 15 km 4 5.42%0.17

. . . . - . l' ' ~

. v
b +
P
. , N '
. ' * e h
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CHAPTER V _
GENERAL DISCUSSION
The continﬁous introduction of biologiéaliy Hazardous_
.bhemicg}s to the_ecosystem'nepessitates the development'of
short and lphg term testing procedures for monitoriig
Fhe levels_of genotoxic aggnts in fheuéhvironmént. Uq—

‘fortunately, most of the current testing  procedures do

. not. have these features. THé in vivo SCE methgd with serial
. —_— ) - . -

~

injections of BUdR and FUdR does. Any test éystem designed

.. to measure the levels of_environmeptal genotoxic agents N

should possess the following qualities:
i) a high sensitivity to common genotoxic compounds ;

\

ii) the_capability of detegting pro:}/ultimate-,iand
co—cgfcinogenic mutagens; and o
iii) réliability, reproducipility, énd eponomi%;feasi~
“bility.
In vivo testing‘appears to meet the above criterfé. ‘

- The mechanisms of sister chromatid diffefentiation and

SCE formation and the relationship of SCE to mutation have

‘oot been fully understood. It is believed that in uninemic

chromatids when BUAR is substituted in only one helix of
the DNA mo%écule, the chromatid takes a dark stain., When
both strands in the chroqatid‘show BUdR substitution,:the -
chromatid appears lighter when stained with buffered Giemsa.
Zakharov and Egolina (1972) noted that after Giemsa

86




staining, the pale chromatid was ustally longer than its
‘sistér. ‘They postulated that protein synthesis that

o affeqted chromosomal condensétion and spiralization was
delayed'by the substitution of thymidine by BUdR: -Davi&‘
et al., 11974) concluded that proteins are more tightly
Eound to DNA cantaining BUdR than unsubstantiated DNA.
Ikushima (1977) attributed the differential staining to a
differential binding of proteins fo the DNA of chrqmatin.
Eiectron michscopic studies with'Chinese hamster ovary
cells héve shown that the priqary effect of the BUdR in-
corporation into chromosomes is exerted at the level of -

packing 25 nm fibres into larger chromosomal units. The

‘bifilarly substituted chromatid is more open witH looser

gyres than is the unifilarly substituted chromatid (Wolff, :

. . , ) ‘
1977). . o

o v}“

None of £he hypotheégé?at %ye present time is safisj
factory. Howeyer, it is known that the formation of SCE’
is liﬁkéd to'DNA‘synthesis and may involve breakage and

.reunion similar to meiotic recombinat@on‘in-order to
conserve polarity in uninemié chrbmatids during the DNA
synthetic phase (Tayior et al., 1957; Taylor, 1958). It

. ‘is during this'pefiod, that the cell is also involved'with

“the syntﬁeéis of RNA, histone, nbn@istone grbteins, many -

-synthesié and repair enzymes, as well as the packing of the

newly synthesized DNA into organized chromosomes. At

-
1




. present, ‘the temporal re}ationship of the aboveievents
with the formatidn of SCE is not known, .However recent
studies (Carrano et al., 1978c Swenson et al. 1980) havef

point mutatlons but no clear\relatlonshlp between SCEs and
. chromosomal aberratlons has been establlshed CPopescu et al.,
1977). - It has been reported that SCES occur more frequently
in euchromatrc reglons whlle chromatid aberratlons occur .
more frequently in the'heterochromatlc reglons {(Wolff ang
Bodycote, 1975; Holmquist. and Comings 1975; Ueda et a;.,.
1976; Ikushima 1977; Schubert and Rieger, 1981).

Circumstantial evidence that éCEs and chromosomal
aberratlons orlglgate from dlfferent chromatid lesions is
”also derlved “from a number of human autosomal chromosome
fraglllty dlseases such as Fancon1 s anaemla Bloom S
syndrome, ataxia~telangiectasis and xeroderma plgmentosa' Co.

.

“(German, 1972). A hlgh SCE. frequency was demonstrated

- in metaphases of patlents with Bloom! 'S syndrome (Chaéantl
gﬁ_é&,, 1974). Slmllar evldence bas alsp been obtained from
other experimental studies (Anderson et al 1981)

| When rqot tlps of Vicia faba Tere treated w1th in-
creased concentratlons -of the antlblotlc, streptonlgrln
.the frequencies of SCEs and chromosomal aberratlons in-
creased proportlonately (Anderson et al., 1981).‘ Other

. studies with X or’irays have shown that an increase in
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SCEs occurred when do es produced high frequencies of
chromo$oma1 aberratlonb (Garci ana 011v1er1 1973‘.Perry
and Evans, 1975). \ll the above acents (streptonlgrln, Xyor

Y -rays) are known as S-1ndependent inducers of SCE |
- _\\f .

I(Anderson et al., 1981). These observations also suggest
Ei?t‘difierent DNA lesions are involved in producing
_ chromosomalbaberrations, and SCEs.

fhe present method of analysing'SCEs in bone marrow
T TN
cells of natural populatlons of wild and inbred mlce
/

—

exposed to outdoor .atmospheritc pollutants appears to be
/
senS1t1ve, reproduc1ble and practlcal in the detection o

/

environmental genotoxlclty\ The technique involves 9 -

\
1
{
]

£
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serial 1naect10ns of 40 ug/g of Brw ——ef/Bﬁagl-Z'ug/g of

b.w. of FUdR and 5 ug/g of b.w. of colchidine on the 27tﬁ

hr for'three-hours. The cells were coll?cted and treatéd
with 0.075M KC1 at 370C and fixed in four changes of
methanol:glqcial acetic acid (3:1). The slides were in-
cubated in 1M phosphate buffer for 15 min at 89°C. The
technique has given good and consistent results gad has also
pfovided permanent preparations.. Thej27—30 hr‘t;me_schedule
was preferred because it gave a miniﬁal'number of aberrgtions
compared with,fﬁé earlier time schedﬁles aﬁd is applicdble
"to the. wild as well as inbred strains'of-mice. Each time
schedule produced a characteristic SCE ;ﬁlue'

- The basellne SCEs are dependent on the system used

and the procedure followed (Carrano et al 1980) but



appear little affected bf the genotypes of the mice used
The similar base values observed in the present study in
mlce housed under laboratory control condltlons are similar
to those reported'by other workers using similar approaches
(Bauknecht et al., 1977; Vogel and Bauknecht 1976; Dragani
et al., 198l). When the. mode of admlnlstratlon of BUdR
is intravenous, subcutanéous or subcutaneously implanted
or BUdR activated to chnrcoal, the baseline c¢ount ot SCEs
variesykKram ahd‘Schneider 1978; Ramlrez 1980) The
basellne value may also vary with the spec1es used but only
marginally in differeént stralns (R0521nsky-K0cher and ..
Rohrborn, 1979; Vogel and ﬁauknecht 1975). 'Other'conditions
which may‘affect the levels of differentiated metephases
include: photol&sis of BUdR, room temperature during the
injection perlod and the  time of sacrificing of the anlmals
The pH and molarity of the solutlon used in making the BUdR
and FUdR may have some effect on the percentage of dlffer-
entiation metaphase (Kato, 1974¢ and Burkholder 1978) but
do not eppear to affect the SCEhlevels Similarly, indi-

N
viduals jn a given treatment group may vary in the percentage
of dlfferentlated metaphases but SCE frequencies remained
very similar., A preliminary study shows that the induction
of SCE'dué to MMC may depend.on.the exposure tine, " This

. A

: i
aspect. of the testing system will be examined iﬁtTuture to
i

improve the sensitivity.of the technique. Present studies °
2 .
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indicate that mg&es #re better experimental anfﬁgls for
SCE‘evﬁluation thap females and also, inbred str;ins'such
as C3H and C57BL are suitable controls.
Bone'marréwzﬁells‘appeared as excelleﬁt tissues fo;
,SCE gfglysi% Qecause they are easily obtained and show a-
high mitotic index. Allen et al. (1978) and Pallitti et al.
(1982) have shown that the baseline SCE valueé in bonez}
marrow cells are very similar'to the SéE values observed%in
spleeén and thymus ;ells. Thereforej bone marrow cells
-appear to give SCE values that are Epnsistent with somatic

o

cells.
' The fact that the wild mice maintained in the laboratory

'fdr six months or more haﬁe similar bése counts;to those
observed in ipbred strains suggesis that both are suitable
as coﬁtrols. Stetkalgg al, (1978) invesfié;ted the decrease
iﬁ'SCE frequencies .over time in eiperimental an;mals'and .
found -that the repeatéd administration of low doses of
benzé(a)pyrene, methylcholanthrene and MMC resulted .in an
increased frequency of SCEs that persisted for several
months dftgz‘tﬁe final injections. This finding suggests
that thé long term exposﬁre to certain SCE inducing chemicals
may also be moni;oréd with the SCE _test.
. The major contributions of the present study include:

i) The development of a wd}king in vivo SCE system -

. applicable to'inbred and wild mice for general

¥

measuring of DNA damaging effects of epvironmental
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ii)

iii)

iv)

agents’

The establishment of baseline SCEs in various
strains of mice and in wiid mice maintained in the
laboratory. _ ‘

The dose effects of BUAR, FUGR and Mitomycin-C on
cell survival, percentage of differentiated meta-

phases and incidence of. SCEs.

‘The effect of various injéctioﬁ schedules on the

percentage 6f differéntiated metaphases, SCEs and

chromosomal aberrations.

The correlation between SCE values in mice and the

exposure of these animals to industrial pollution.



CHAPTER VI
éENERAL CONCLUSIONS\,

Based.on the results and discussioﬁ pre§énted in'this
dissertation, in vivo SCE analysis,.using‘murine bone marrow
célls, is a viable whole animal test system for mon;toring'
general levels‘df genotoxicity of éhemicals'dumpsites,'in~.
duqﬁ;igl atmospheric'pollutants and contaminatéd‘Water..'
Furthermore,'thié approach may be used for in vivo evalu-

ations of a number of suspecfed chemical mﬁtagens ¥ncluding

agriculturally used pesticides. ~
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APPENDIX I :

.

‘Formulae for Solutions

1
.‘
)
o




A. Hanks Balanced Salt Solution (HBSS)

Sqlution a: e

NaCl 4000 mg

KC1 . 200 mg

Gluqose A SOOAmg

Dist HoO 200 ml

. Solution b:.

o .- KHgPO, 30 mg
NaéﬁPO4.fH207 45 ng

PR NaHCO, 175 ng

) ‘Dist HyO . 300 ml

Solution b was mixed with solution a and the mixture

was autoclave sterilized before use.

B. Dulbecco's Phosphate Bﬁffér

KC1 .- 20 mg
KHpPO, i 20 mg
NaCl® ‘ 800 mg
' NagHPO, . 7H,0 216 mg
Dist Hy0 .. 100 ml

The solution was autoclave sterilized before use.-

. C. Sorensen. Buffer

KHpPO, 663 mg
NagHPO,.7H,0  25¢ mg
B . Dist Hy0 to 100 m1



26

: , _
D. . Schiff's Reagent

-

L4

) Basic fuchsin l¢g
Dist Hy0 .+ 200 ml
. vEcl - ~ r20m
I Eotassiumjbetgbisulphite 1g
) ) : Activated.cﬁarcqai = 2 g.du

The staining procedure followed as. per the instructions

- -

of Haboswky (1968).

3
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Table 20/ Mean SCE values in male wild mice maintained in
the laboratory over a perlod 0of 6-9 months.

Group Location Animal No. Body wt. SCEXSEM
I Laboratory: C3H/J (Fontrol) 23 ¢ 3.80%0.22
Martin 815681 21 g - 4.10%0.33
Martin 81-688 20 g 3.86%0.24
Martin 81-700 17 g 3.60%0.28
Martin 81-704 22 g 3.80%0.20
11 Laboratory C3H/J (Control) 20 g 3.90%0. 33
Laramie 81-817 22 g 3.45%0,28
Laramie 81-818 24 g 4.17%0.40
Laramie 81-841 20 g 3.60%0.25
L&;imie 81-846 22 g 3.89%0.27
III ‘Labératory‘ C3H/J (Control) 24 g - 3.00%0.20
Houle 80-637 18 g 2.87%0.30
Houle * 80-650 - . 20 g 2.85%0.32
Houle 80-601 23 g 3.01%0.26
Laramie 80-232 ‘ 22 g 2.75%0.26
Schaffer  (79-851 . 18 g 3.00%0.12

; 79-853)

Group I and II maintained for six months and group III for
a period of nine months.
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Table 22: Mean SCE values in inbred mice maintained in enclosures
in the Sarnia area.

, Duration
. ) Body of time .
-Locations Strains Sex wt. on the farm SCEXSEM
I C3H/J male 20 g ' 3.45
(Archer Farm) (Control)i
C3H/J male 25 g 3 weeks . 5.84%0.32
\ : (12/8/81-
12/29/81)
C3H/J male 25 g " 5.00%0.32
© C3H/J male 28 g 10 weeks 5.29%0.25
. . (10/9/81~
Do 12/29/81)
C3H/J male ~ 22 g " 4.80%0.29
- C3H/J male 24 g " 5.39£0.39
C3H/J male 22 " 5.00%0.20
- C57BL/6J male 24 L 5.17%0.17
Ila C3H/J male 20 g 7 weeks  5.44%0.31
- - . (10/20/81-
(El}lot Farm) 12/14/81)
Ib C3H/J male 24 g 3 weeks 4.75%0, 30"
© (12/8/81-
(Buhlman Farm) 12/9/81)
CS7BL/6J male 24'g 7 wéeks -~  4.52%0.44
. ——(10/20/81- .
12/14/81)
III C3H/J male 25 g 3 weeks '3.50%0. 30
(Leeson Farm) ' C3H/J + male 24 g 7 weeks 3.32%0.17
' - C3H/J  male 25 g 10 weeks 3.40%0.26
C3H/J male 24 " 4,32%0,29
C3H/J male 20 g " 3.92%0.25
2 4
c3u/J male 22 ¢ " 5.80%0. 30
C3H/J male 26 g v 5.90%0, 39
'C3H/J male 25 g " 5.25%0, 30
C3H/J female 26 g 3 weeks 5.00%0.33
: (12/5/81- -

12/29/81)
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Table, 22 (contd)

.

) Duration ]

- ‘ Body of time : _

Locations Strains . Sex wt, on the farm SCEiSEM
C3H/J female 25 g 7 weeks  5.43%0.24

' (10/20/81-
(Leeson Farm) 12/14/81) .
C3H/J female 25 g, " . 4.90%0.25
C3H/J female 24 g 12 weeks 5.80%0. 38
(9/29/81-

12/29/81) wo "

C3H/J female 25 g . " 5.50%0.34

Location T is 3.3 km from Polysar
Location Ilzis 10 km " oo
Locaticn -Ib is 18 km " "
Location IIIl is 40 km " "

Chemical Industries

" b}

‘nu "

" "
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Table 23: ‘Frequency of SCE in inbred mice maintained in Martin's "’
farm ' , o ; .
. No. of
_ Body  weeks on
Animal No. sex wt. . the farm SCEXSEM
I C3H/J (Control) female 24 g . 3.75%0.55
Martin wild male 20 g 5 N~ 4.56%0.26
(80-478)
C57BL/J female 25 g 5 6.18%0.45
C57BL/6J female 25 g 5 . 6.20%0.39
Martin wild male 20 g 5 5:15%0.46
(80-470)

II C57BL/6J (Control) male 24 g 3.70%0.32
C57BL/6J male 22 g 12 " 5,82%0.37
C3H/J female 24 g 12 . . 7.22%0.32
C3H/J . - female 24 g 12 i 5.65%0.43

III C3H/J (Control) male 20 g ¢ 3.60%0.39
© c3H/J male 22 g 14 (9/29/81- 5.30%0.22
o 1/11/82)
C3H/J ‘male 20 g - " . 5.54%0.26
C57BL/6J female 24 g o 6.15%0.24
C57BL/6J’ female 25 g " ' 6.35%0.24

The second group of mice were given‘BUdR/FUdR injections one
hour after they were brought to the laboratory.

mice were treated within 24 houré_g; their capture,.

-

Other field

Y
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Table 24: t-test Comparisons of SCE Means

Comparisons o p

C3H males 3.42%* (19)

vs C57BL males 3. 62(17) ' o (.05
C3H males 3.42(19) Lo '

vs C3H females 5.09(4) ‘ ; (.01
C3H males 3.42(19) . -

vs F1 males (C3HGS x C57BLQ) 4.13¢(4) {0.05
C3H males 3.42(19) ' .

_ vs F1 females (C3HS x C57BLo) 6. 16(2) ‘ {0.01

C3H males 3. 42(19) _ ’

vs DBA males 3.97(3) ‘ £0.05"
C3H males 3.42(19) - .

vs cornfed C3E males 3, 81(35 ' ¢0.05

C3H males 3.42(19)
vs laboratory maintained wild males 3.46(13)

C3H males 3.42(19) . : .
*  vs freshly caught wild males 6.02(49) . (.01
C3H males 3.42(19)
_ vs C3H males from Sarnla 4, 83(18) {01
C3H males 3.42(19) :
vs C3H males from Martln s '5. 42(3) - (.01
C57BL males 3.62(1l7) ' .
vs CS7BL females 5.71(4) - ‘ _ .01
C57BL females 5.71(4) - )
vs 'C3H females'S OQ(%) : ) ‘ (01
C57BL males 3. 62(17)
vs F] males (C3H6 x C57BLg) 4. 13(4) (0%
C57BL males 3.62(17) T . }
vs DBA males 3.97(3) t -<.05
C57BL males 3.862(17) , .
- ' vs freshly caught wild males 6.02(49) <.01
"C3H males from Sarnia I 5.21(7) .
vs C3H males from Sarnia III 4.88(8) {0.20

C3H males from Sarnia pooled 4.83(18)
vs C3H males from Martin's 5.42 |

C3H males from Sarnia and Martln s 4.44(21) )
* vs freshly caught w1ld males 6.02(49) {0.01

*Mean SCE value -fOr- the group and the figure in parenthesis
is the number of individuals analysed for the SCE count
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